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(i) 


1.0   EXECUTIVE  SUMMARY 

This  report  outlines  a  chemical  hazard  assessment 
methodology  for  the  on-going  development  of  an  Ontario 
Effluent  Monitoring  Priority  Pollutants  List  (EMPPL). 
This  hazard  assessment  is  based  on  a  chemical's 
environmental  persistence,  potential  to  bioaccumulate, 
acute  and  sub-lethal  toxicity  to  biological  organisms 
including  humans,  and  potential  to  exist  in  effluents 
discharged  to  surface  waters. 

This  report  also  identifies  179  chemicals  or  groups  of 
chemicals  which  constitute  the  1987  version  of  the 
Effluent  Monitoring  Priority  Pollutants  List.   The  list 
represents  those  chemicals  that  have  been  detected  or  are 
potentially  present  in  Ontario  municipal  and  industrial 
effluents  and  pose  a  hazard  to  the  receiving  environment. 
It  provides  a  sound  basis  on  which  to  initiate  development 
of  chemical  specific  monitoring  regulations  under  the  MISA 
program.   In  total,  over  1500  chemicals  were  considered. 

Open  characterization  and  monitoring  of  Ontario  effluents 
will  assist  in  identifying  effluent  constituents,  and  will 
eliminate  the  reliance  on  data  from  other  jurisdictions 
which  may  not  be  representative  of  discharges  in  Ontario. 

A  permanent  federal-provincial  advisory  committee 
(Priority  Substances  Advisory  Committee)  has  been 
established.   A  major  function  of  this  committee  is  to 
provide  advice  for  the  addition/deletion  of  chemicals  as 
new  information  on  effects,  environmental  fate  and 
exposure  becomes  available. 
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INQUIRIES 

Inquiries  should  be  directed  to: 


Ontario  Ministry  of  the  Environment 
Hazardous  Contaminants  Coordination  Branch 
135  St.  Clair  Avenue  West,  Suite  100 
Toronto,  Ontario  M4V  1P5 
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1.0   INTRODUCTION 

In  June  1986,  the  Ontario  Ministry  of  the  Environment 
released  a  paper  entitled  "Municipal-Industrial  Strategy 
for  Abatement  (MISA)",  which  described  a  program  for 
protecting  Ontario's  water  quality.   MISA's  ultimate  goal 
is  the  virtual  elimination  of  toxic  chemicals  discharged 
to  surface  waters.   Meeting  this  goal  will  reduce  the  risk 
of  damage  to  the  ecosystem  and  will  protect  public  health 
by  minimizing  the  presence  of  toxics  in  ambient  and 
drinking  water,  fish  and  wildlife  (40). 

To  facilitate  the  management  of  the  various  chemicals 
present  in  the  environment,  both  industrial  and  municipal 
effluents  are  being  characterized  for  toxic  chemicals.   As 
this  is  being  accomplished,  monitoring  regulations  are 
established  for  each  industrial  sector  and  for  municipally 
and  provincially  operated  sewage  treatment  plants. 

A  federal-provincial  multi-disciplinary  MISA  Priority 
Pollutants  Task  Force  was  established  in  October  of  1986 
to  assist  in  the  development  of  monitoring  regulations. 
The  Task  Force  was  specifically  charged  with 
identification  and  listing  of  those  chemicals  potentially 
present  in  industrial  or  municipal  effluents  in  Ontario 
which  could  pose  a  hazard  to  the  receiving  environment. 
This  list  is  known  as  the  Effluent  Monitoring  Priority 
Pollutants  List.   A  draft  report  was  released  for  public 
review  in  August  1987.   The  public  comments  received  were 
considered  in  finalizing  this  report.   Detailed  responses 
to  the  public  comments  are  provided  in  the  Ministry's 
publication,  "The  Public  Review  of  the  Draft  Effluent 
Monitoring  Regulations  for  the  Petroleum  Refining  Sector 
and  the  Ministry  of  the  Environment  Response  to  it". 
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2.0   PRINCIPLES  USED  IN  THE  DEVELOPMENT  OF 
THE  1987  ONTARIO  EFFLUENT  MONITORING 
PRIORITY  POLLUTANTS  LIST  (EMPPL) 

A  number  of  principles  were  followed  in  the  development  of 
the  EMPPL.   These  were: 

1.  To  develop  state-of-the-art  criteria  and  procedures 
for  the  identification  and  hazard  assessment  of 
chemicals ; 

2.  To  use  wherever  possible,  the  results  of  previous 
Ministry  of  the  Environment  (MOE)  efforts  in  the 
areas  of  chemical  identification  and  chemical  hazard 
assessment;  and  also  to  use  relevant  methodologies 
and  chemical  assessments  developed  by  other 
regulatory  agencies  that  are  generally  accepted  by 
the  scientific  and  regulatory  communities; 

3.  To  use  information  currently  existing  in  the 
scientific  literature  to  the  greatest  extent  possible 
and  to  ensure  that  all  information  used  becomes  part 
of  the  public  domain;  and 

4.  To  ensure  that  the  methodology  and  the  resulting 
EMPPL  can  be  easily  modified  and  updated  as  new 
information  becomes  available. 
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3.0  APPROACH  USED  FOR  DEVELOPMENT  OF  THE 
1987  EMPPL 

The  chemical  hazard  assessment  methodology  used  was 
adapted  from  recent  Ministry  undertakings  and  from  similar 
programs  in  other  jurisdictions.   This  methodology 
assessed  environmental  and  human  health  effects  and  the 
potential  presence  of  hazardous  chemicals  in  Ontario 
industrial  and  municipal  effluents. 

The  assessment  methodology  used  was  a  two-stage  process 
consisting  of  a  chemical  identification  stage  and  a 
preliminary  hazard  assessment  stage  (see  Figure  1). 

3.1  CHEMICAL  IDENTIFICATION 

The  first  step  was  to  develop  a  comprehensive  list  of 
candidate  chemicals.   Primary  and  secondary  chemical 
groups  were  compiled  from  chemical  lists  gathered  by 
agencies  or  organizations  (listed  below)  that  have 
chemical  assessment  and  regulatory  responsibilities.   Over 
1500  chemicals  were  identified  and  these  are  on  file  with 
the  Ministry. 

3.1.1  Primary  Group 

The  primary  group  consists  of  chemicals  which  have  been 
detected  in  the  Great  Lakes  or  in  industrial  and  municipal 
effluents. 
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Specifically,  the  primary  group  was  drawn  from: 

"     IJC  Inventory  of  Chemicals  Identified 

in  the  Great  Lakes  Ecosystem  (see  Ref .  11) 

This  inventory  consists  of  those  chemicals  identified 
in  the  Great  Lakes  Basin  by  the  International  Joint 
Commission  (IJC). 

°     Niagara  River  List  (see  Ref.  12) 

This  is  a  list  of  chemicals  identified  by  the  Niagara 
River  Toxics  Committee. 

°     Water  Treatment  Plant  Intake  List  (see  Ref.  10) 

This  list  identifies  those  compounds  which  have  been 
detected,  on  at  least  one  occasion,  in  raw  water 
samples  taken  at  water  supplies  currently  being 
monitored  in  Ontario's  Drinking  Water  Surveillance 
Program. 

"     Municipal  Effluent  List  (see  Ref.  4) 

This  list  of  chemicals  was  extracted  from  a  review  of 
hazardous  contaminants  found  in  American  and  Canadian 
sewage  treatment  plant  effluents  and  sludges.   Only 
those  chemicals  identified  in  Ontario  based  sewage 
treatment  plant  effluents  were  included. 
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Pulp  and  Paper  List  (see  Refs.  3,  45,  46) 

This  list  presents  the  results  of  investigations  by 
the  Ontario  Ministry  of  the  Environment  and  a 
federally  funded  study  performed  by  B.C.  Research  to 
characterize  Canadian  pulp  and  paper  mill  effluents. 

Iron  and  Steel  List  (see  Ref.  2) 


Chemicals  identified  on  this  list  are  found  in 
effluents  from  both  the  American  and  Canadian  iron 
and  steel  industry.   Chemicals  identified  by  MOE 
monitoring  are  included  in  addition  to  those 
chemicals  expected  to  exist  at  quantifiable  levels  in 
effluents  from  Ontario  based  iron  and  steel  plants. 

Petroleum  Refineries  List  (see  Ref.  1) 

This  list  includes  data  on  chemicals  in  Ontario 
petroleum  refinery  effluents. 

Organic  Chemicals  List  (see  Refs.  5,  6,  7,  8,  9) 

This  list  comprises  chemicals  characterized  in  the 
organic  chemical  industry  discharges  in  the  Sarnia 
and  Cornwall  vicinities.   The  data  were  primarily 
from  the  St  Clair  River  MISA  pilot  site  investigation 
and  augmented  with  additional  data  from  Environment 
Canada  and  Ministry  of  the  Environment  surveys. 
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3.1.2   Secondary  Group 

There  was  concern  that  hazardous  chemicals  may  be  present 
in  Ontario  effluents  which  have  not  yet  been  identified  in 
environmental  or  effluent  samples  in  Ontario  or  in  the 
Great  Lakes.   A  number  of  source  materials  were  used  to 
identify  these  chemicals.   Some  chemicals  were  common  to 
both  groups:   those  chemicals  already  identified  in  the 
primary  group  were  not  included  in  the  secondary  group. 
Specifically,  the  secondary  group  was  drawn  from  the 
following  sources: 

MOE  209  List  (see  Ref.  13) 

This  publication  lists  209  chemicals  or  chemical 
classes  that  were  identified  by  the  Ontario  Ministry 
of  the  Environment  as  being  of  particular 
environmental  and  human  health  concern. 

'  Michigan  Critical  Materials  Register  (CMR) 

(see  Ref.  18) 

The  Michigan  Water  Resources  Commission  is  authorized 
by  law  to  develop  a  Critical  Materials  Register 
listing  that  are  or  may  be  used  and/or  discharged  in 
Michigan.   Chemicals  on  this  list  are  reviewed  and 
rated  for  acute  toxicity,  carcinogenicity,  hereditary 
mutagenicity,  teratogenicity,  persistence, 
bioaccumulation  and  other  adverse  effects. 
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U.S.  EPA  Priority  Pollutants  List  (see  Ref.  16) 

The  U.S.  EPA  Priority  Pollutants  List  includes  a 
total  of  126  chemicals  or  chemical  groups.   The  list 
was  first  established  under  an  agreement  (court 
consent  decree)  between  the  U.S.  EPA  and  the  Natural 
Resource  Defence  Council  in  1976.   The  U.S.  EPA  is 
required,  under  this  agreement,  to  establish  water 
quality  criteria,  effluent  guidelines  and 
pretreatment  requirements  for  the  compounds  on  the 
Priority  Pollutants  List. 

lARC  List  (see  Ref.  19) 

In  1982,  an  ad  hoc  Working  Group  of  the  International 
Agency  for  Research  on  Cancer  (lARC)  considered  all 
evaluations  published  in  lARC  monographs  volume  1-29 
to  determine  which  chemicals,  industrial  processes 
and  industries  could  be  considered  carcinogenic  to 
humans.   The  substances  and  processes  were  grouped  as 
follows : 

Group  1:   causally  associated  with  cancer  in  humans; 
Group  2A:  probably  carcinogenic  to  humans  with 

limited  human  evidence; 
Group  2B:  probably  carcinogenic  to  humans  with 

inadequate  evidence  of  carcinogenicity  to 

humans ; 
Group  3:   could  not  be  classified  as  to  their 

carcinogenicity  to  humans. 

U.S.  EPA  Treatability  Manual  (see  Ref. 14) 

This  manual  provides  data  on  the  treatability  of 
chemicals  and  chemical  groups  known  to  be  present  in 
U.S.  industrial  waste  waters. 
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3.2   PRELIMINARY  HAZARD  ASSESSMENT 

3.2.1  Assessment  Criteria  and  Process 

This  section  discusses  the  process  in  terms  of  (a) 
assessment  of  effects  and  environmental  fate;  (b) 
assessment  of  exposure;  and,  (c)  the  method  used  for 
promoting  chemicals  to  the  EMPPL. 

(a)   Effects  and  Environmental  Fate  Assessment 

Selected  existing  methodologies,  summarized  below, 
were  adapted  to  carry  out  the  effects  and 
environmental  fate  assessment.   An  in-depth 
description  of  each  methodology  is  provided  in 
Appendix  A. 

I.    State  of  Michigan,  Department  of  Natural 

Resources,  Environmental  Services  Division, 
Critical  Materials  Register  (CMR),  1980 

The  CMR  chemical  assessment  methodology  is 
used  by  the  State  of  Michigan  to  assess  the 
potential  hazard  of  a  large  number  of  chemicals 
The  primary  and  secondary  groups  were  reviewed 
and  those  chemicals  that  had  been  assessed  for 
the  CMR  were  identified.   Chemicals  were 
assessed  using  the  following  parameters: 

"  Persistence 

**  Bioaccumulation 

'  Acute  toxicity 

°  Hereditary  mutagenicity 
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'     Teratogenicity 

"     Carcinogenicity 

"  Other  adverse  effects 

Since  these  characterize  the  inherent  properties 
of  a  chemical,  the  concern  levels  attributed  to 
each  of  the  above  cited   parameters  by  the  State 
of  Michigan  were  considered  suitable  for  use  in 
Ontario. 

II  Niagara  River  Toxics  Committee  (NRTC) 

The  Niagara  River  Toxics  Committee  assessed  a 
large  number  of  chemicals  detected  in  the 
Niagara  River.   Assessments  by  the  NRTC  were 
accepted  only  for  those  primary  group  chemicals 
that  had  not  been  assessed  for  the  CMR. 

These  assessments  were  based  on  presence  in  the 
environment,  guidelines  and  standards  developed 
to  protect  human  health  and  the  environment, 
acute  aquatic  and  mammalian  toxicity,  bio- 
accumulation  and  human  health  assessments 
undertaken  by  the  IJC  Human  Health  Effects 
Committee . 

III  Ministry  of  the  Environment,  Priority  List 
Working  Group  (MOE) 

The  remaining  chemicals  in  the  primary  and 
secondary  groups  were  reviewed  by  the  Task 
Force.  Selected  chemicals  were  assessed  by  the 
consulting  firm  MacLaren  Plansearch  Inc.,  using 
criteria  developed  by  the  Priority  List  Working 
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Group.   The  Priority  List  Working  Group  was 
responsible  for  developing  and  implementing  a 
methodology  for  assessing  the  relative 
environmental  hazards  of  chemicals.   The  primary 
objective  of  the  Working  Group  was  to  identify 
chemicals  for  multi-media  standards  development. 

The  consultants  evaluated  the  following 
parameters : 

°  Persistence 

"  Bioaccumulation 

°  Acute  lethality 

"  Sublethal    toxicity   -   Non-mammalian 

°  Sublethal  toxicity  -  Plant 

°  Sublethal  toxicity  -  Mammalian 

°  Mutagenicity/Genotoxicity 

"  Teratogenicity 

°  Carcinogenicity 

In  general,  these  assessments  were  based  on 
information  readily  available  in  the  open 
literature . 

On  the  advice  of  the  MISA  Priority  Pollutants 
Task  Force,  when  it  was  believed  that  use  of  the 
most  current  data  would  lead  to  a  significantly 
different  hazard  assessment,  certain  chemicals 
which  had  been  previously  assessed  for  the  CMR 
or  the  NRTC  report  were  re-assessed  using  the 
MOE  method. 
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(b)  Exposure  Assessment 

A  method  was  developed  for  the  assessment  of  human 
and  environmental  exposure  to  chemicals  based  on  a 
chemical's  presence  in  effluents  and  in  the 
environment,  as  well  as  use/manufacture  and  potential 
discharge  from  industrial  processes. 

(c)  Promotion  to  the  EMPPL 

The  parameter  scores  for  both  exposure  and  effects 
assessments  determined  if  the  chemical  was  placed  on 
the  EMPPL. 

Tables  1  and  2  list  the  parameters  for  both  the 
effects  and  environmental  fate  assessment  and  the 
exposure  assessment  that  promoted  a  chemical  to  the 
1987  list. 

For  a  chemical  to  be  promoted  to  the  EMPPL  from  the 
primary  group  (see  Table  1),  the  parameter  score  for 
at  least  one  parameter  must  be  equal  to  or  greater 
than  the  concern  level  used  for  the  CMR  assessment; 
or  be  identified  as  a  Group  I,  IIA  or  IIB  chemical  by 
the  NRTC ;  or  the  parameter  score  for  at  least  one 
parameter  must  be  equal  to  or  greater  than  the 
concern  level  used  for  the  MOE  assessment.   In 
addition,  the  chemical  must  be  classified  as  "A"  or 
"B"  in  terms  of  its  exposure. 
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For  a  chemical  to  be  promoted  to  the  EMPPL  from  the 
secondary  group  (see  Table  2),  the  parameter  score 
for  at  least  one  parameter  must  be  equal  to  or 
greater  than  the  concern  level  used  for  the  CMR 
assessment;  or  the  parameter  score  for  at  least  one 
parameter  must  be  greater  than  or  equal  to  the 
concern  level  used  for  the  MOE  assessment.   In 
addition,  the  chemical  must  be  classified  as  "A", 
"B",  or  "C"  in  terms  of  its  exposure. 

The  secondary  group  contains  those  high  priority 
chemicals  that,  if  present  in  Ontario  effluents, 
would  be  hazardous  to  the  receiving  environment. 
Higher  criteria  were  assigned  for  chemicals  in  the 
secondary  group  than  for  those  in   the  primary  group 
because  the  secondary  group  consists  of  a  large 
number  of  chemicals  for  which  effects  information  is 
available  but  Ontario  exposure  information  is 
limited.   MacLaren  Plansearch  provided  exposure 
information  on  these  chemicals. 

Chemicals  which  would  have  been  promoted  from  the 
primary  and  secondary  groups  solely  due  to 
persistence  but  had  low  concern  levels  for  toxicity 
and  bioaccumulation  were  excluded  fron  the  EMPPL. 

3.2.2      Rationale  for  Exclusion  of  Pesticides 
and  Pharmaceuticals 

Pesticides  may  appear  in  industrial  and  municipal 
effluents  due  to  their  presence  in  industrial  intake 
water  and  in  the  influent  to  sewage  treatment  plants. 


TABLE   1:  PROMOTION  FROM  THE  PRIMARY  GROUP  TO  THE  EMPPL 


EFFECTS  AND  ENVIRONMENTAL  FATE  ASSESSMENT                                     | 

1  CMR  -  If  dfiy  nt  fit  concern  levtii  aie  net  foi  any  of  the  Daianeter 

s  and 

the  e/posuie  is  classified  as  an  t  oi 

f 

the  chenical  is  pronoted  (see  AppendD^  1  for  detailed  description 

Df  the  CMH) 

Paranetei 

Concern  Level" 

Petsi'.tence 

:  1 

Bioaccunulatior. 

1   3 

Acute  To/icirv 

:  3 

Other  Adverse  Effects 

2  3 

Hereditaiy  rtutagenicity 

'  a 

Teratogenicity 

>   'i 

Carcinogenicity 

>.  2 

11  NRTC  -  If  the  chenical  is  listed  on  groups  1.  lift  or  IIB  and  it: 

exposure 

IS  classified  as  an  A  or  B,  then  it 

. 

promoted  (see  appendix  i  for  detailed  explanation  of  trie 

NRTC 

ranking) 

Group  1  -   cited  as  requiring  innediate 

attention 

and  recopwended  for 

source  testing 

Group  IIA  -  cited  as  presenting  potential  health  hazards 

Group  IIB  -  cited  as  being  of  concern  fron  a 

hunan  health  perspective 

111  tlOf  -  if  an:  of  th?  concern  level;  are  net  fo:  any  of  the  paraneteis 

and 

the  exposure  is  classifies  as  an  u   or 

b 

th';  cneriii.'j;  i:-  piohotea  c^eT  flpDenai'  1  foi  oe'iil-'J  o^'^ 

nt't 

10'  (. 

•■  trie  no[  assessfieri*  netnoc' 

Parameter 

Concern  Level" 

Persistence 

>   7 

Bioaccunulation 

1   7 

Acute  Lethality 

I   6 

r.ub-Lethal  Toxicity  Non-Mannalian 

1   6 

Sub-lethal  Toxicity  Plant 

i   6 

SuD-Letnal  Toxicity  tiannalian 

>  t 

nutagenicity/Genotoxicity 

>   6 

Teratogenicity 

J  I' 

Carcinogenicity 

-  2 

EXPOSURE  ASSESSMENT  -  Potential  Presence  in  Effluents  :  B 


A  -  alpiost  'always"  present 

•  >jO»  detection  and  ninunun  of  j  data  points 

B  -  potentially  present  in  Ontario 

•  detected  in  effluent  oi  reported  as  being  discharged 

•  detected  in  tfie  natural  environnerit  arid  probable  Oritario 
use/nanufacture 

C  -  inferred  to  be  present  in  a  process  aqueous  discharge 
ana  probable  Ontario  use/nanufacture 

D  -  possibly  present  based  on  use/«anufactuiing  infornation 
only 

E  -  not  present  -  based  on  analytical  data  and/or  inference 
fron  the  literature 


CflH  ana  flOt  r.ierical  values  were  assigned  to  represent  equivalent  concern  levels  between 
the  tuu  nazal  c  asiessnent  netriodi 
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TABLE  2:  PROMOTION  FROM  THE  SECONDARY  GROUP  TO  THE  EMPPL 

EFFECTS  AND  ENVIRONhENTflL  FATE  ASSESSMENT 

I  CMR  -  H  any  of  the  concern  levels  are  net  for  any  of  the  parameters  and  the  exposure  is  classifieo  as  an  ft  B 
or  C  the  chemical  is  pronoted  (see  Appendix  ^   for  detailed  description  of  the  CMR)- 
Paraweter                     Concern  Level' 
Persistence                      z  fl 
Bioaccunulation 
Acute  Toxicity 
Other  Adverse  Effects 
Hereditary  Mutagenicity 
Teratogenicity 
Carcinogenicity il 

III  nOE  -  If  any  of  the  concern  levels  are  met  for  any  of  the  parameters  and  the  exposure  is  classified  as  an  A  B 
or  C  the  chenicai  is  promoted  (see  Appendix  1  for  detailed  description  of  the  MOE  assessnen:  method) 


Parameter 

Concern  Level 

Persistence 

2lO 

Bioaccumulation 

>  7 

Acjte  Lethality 

2  e 

Sut'-Lethal  Toxicity  Non-namnalian 

:  6 

Suh-Lethal  Toxicity  Plant 

>10 

Sut-Lethal  Toxicitj^  nammalian 

•10 

nutagenicity/(ienotoxicity 

210 

Teratogenicity 

i  A 

Carcinogenici-'y 

1   6 

EXPOSURE  ASSESSMENT  -  Potential  Presence  in  Effluents  i  I 


A  -  almost  "always"  present, 

•  >SOI  detection  and  minumum  of  5  data  points 

B  -  potentially  present  in  Ontario 

•  detected  in  effluent  or  reported  as  being  discharged 

•  detected  in  the  natural  environment  and  probable  Ontario  use/manufacture 

i  -   inferred  to  be  present  in  a  process  aqueous  discharge 
and  probable  Ontario  use/manufacture 

D  -  possibly  present  based  on  use/manufacturing  information 
only 

E  -  not  present  -  bdsed  on  analytical  data  and/or  inference 
from  the  literature 


cnft  and  MOE  numerical  values  were  assigned  to  represent  equivalent  concern  levels  between 
the  two  hazard  assessment  methods 
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These  substances  were  excluded  from  the  EMPPL  because  MISA 
is  designed  to  address  the  discharge  of  toxic  chemicals 
primarily  from  industrial  point  sources. 

Control  mechanisms  for  pesticides  currently  exist  under 
the  Federal  Pesticide  Control  Products  Act  and  the  Ontario 
Pesticides  Act  and  Regulations.   This  legislative 
framework  addresses  the  environmental  release  of 
pesticides  through  the  registration,  controlled  sale  and 
use  of  these  chemicals  in  Canada  and  Ontario. 

Table  3  lists  some  of  the  pesticides  and  pesticide 
degradation  products  identified  during  the  compilation  of 
the  primary  and  secondary  groups.   A  number  of  these 
compounds  are  no  longer  used  in  the  Province.   The 
presence  of  many  of  these  chemicals  in  the  environment  is 
a  result  of  their  past  use  and  persistence. 

Industry  is  required  to  report  the  presence  and  quantity 
of  pesticides  used  in  their  processes.   The  pesticide 
industry  (manufacturers,  formulators  and  packagers)  is 
being  considered  for  future  inclusion  under  the  MISA 
program  as  a  minor  industrial  sector. 

A  number  of  pharmaceuticals  were  identified  that,  if 
discharged,  could  represent  a  hazard  (e.g.  phenobarbi tal , 
progestins).   Information  on  the  extent  of  environmental 
discharges  of  such  substances  from  municipal  sewage 
treatment  plants  is  extremely  limited.  As  such,  the 
assessment  of  pharmaceuticals  for  the  EMPPL  requires 
further  review. 
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TABLE  3:  SOME  PESTICIDES 
IN  THE  CHEMICAL 


AND  RELATED  COMPOUNDS  IDENTIFIED 
IDENTIFICATION  STAGE 


PESTICIDE 


FEDERAL      SCHEDULED  IN 
REGISTRATION     ONTARIO 


Aldrin 

yes 

Ametryn 

no 

Atrazine 

yes 

alpha-BHC 

no 

beta-BHC 

no 

delta-BHC 

no 

gamma-BHC  (Lindane) 

yes 

Captan 

yes 

Chlordane 

yes 

2,4-D 

yes 

acid,  amine  and  salts 

4,4'-DDD  (p,plDDD) 

no 

4,4'-DDE  (p.p^DDE) 

no 

4,4'-DDT  (p.plDDT) 

no 

Diazinon 

yes 

Dichloran 

yes 

Dieldrin 

yes 

Endosulfan  I 

yes 

Endosulfan  II 

yes 

Endosulfan  sulphate 

no 

Endrin 

yes 

Endrin  Aldehyde 

no 

yes 

-  parent 

compound 

no 

-  parent 

compound 

yes 

-  parent 

compound 

no 

-  isomer 

no 

-  isomer 

no 

-  isomer 

yes 

-  parent 

compound 

yes 

-  parent 

compound 

yes 

-  parent 

compound 

yes 

-  parent 

compound 

no 

-  isomer 

no 

-  metabolite 

-  isomer 

no 

-  isomer 

yes 

-  parent 

compound 

yes 

-  parent 

compound 

yes 

-  parent 

compound 

yes 

-  isomer 

yes 

-  isomer 

no 

-  metabolite 

yes 

-  parent 

compound 

no 

-  degradation 

product 

TABLE  3  J  continued 
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PESTICIDE 


FEDERAL      SCHEDULED  IN 
REGISTRATION     ONTARIO 


Heptachlor  * 
Heptachlor  epoxide 
Malathion 
Methoxychlor 
Mi  rex 

Oxychlordane 
Parathion  ethyl 
PCNB  (quintozene) 
Photomi  rex 

Strobane 

2,4, 5-T  * 

2,4,5-TP  (Silvex)  * 

Toxaphene 


no 

yes 

no 

no 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

no 

yes 

yes 

no 

no 

no 

no 

no 

yes 

no 

yes 

yes 

yes 

-  parent  compound 

-  isomer 

-  parent  compound 

-  parent  compound 

-  parent  compound 

-  isomer 

-  unknown 

-  parent  compound 

-  degradation 
product 

-  parent  compound 

-  parent  compound 

-  parent  compound 

-  parent  compound 


*   Products  have  been  discontinued  by  registrants  as  of  1985 
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3.2.3      Rationale  for  Exclusion  of  Conventional 
Parameters 

Conventional  parameters  (listed  in  Table  4)  were  not 
evaluated  because  monitoring  for  these  parameters  is 
mandatory  under  MISA. 

4.0  THE  1987  ONTARIO  EFFLUENT  MONITORING 
PRIORITY  POLLUTANTS  LIST 

4.1  CONTENTS  OF  THE  EFFLUENT  MONITORING  PRIORITY 
POLLUTANTS  LIST 

A  total  of  179  chemicals  or  groups  of  chemicals  were 
identified  for  which  effluent  monitoring  is  required. 
These  chemicals,  listed  in  Table  5,  constitute  the  1987 
Effluent  Monitoring  Priority  Pollutants  List.   In 
addition,  the  Table  contains  the  following  information: 

"     the  Chemicals  Abstract  Service  (CAS)  Registry 
number; 

"     whether  the  chemical  was  included  in  the  primary  (P) 
or  secondary  (S)  group; 

the  criteria  employed  in  assessing  the  chemical:  CMR 
( I ) ,  NRTC  (II)  or  MOE  (III); 

•     the  exposure  classification:  A,  B  or  C; 

whether  the  substance  is  cited  on  the  EPA  Priority 
Pollutants  List; 

whether  it  is  potentially  present  in  municipal  or 
industrial  effluents  with  a  further  subdivision  into 
eight  industrial  sectors.   The  potential  presence  in 
effluents  from  each  sector  is  denoted  by  a  reference 
number  in  the  specific  sector  column;  and 
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TABLE  4:   CONVENTIONAL  PARAMETERS 


1.  Chemical  Oxygen  Demand  (COD) 

2.  Hydrogen  Ion  (pH) 

3.  Nitrogen   -     Ammonia  plus  Ammonium 

Nitrate 
Nitrite 
Total  Kjeldahl  Nitrogen 

4.  Organic  Carbon  -    Dissolved  Organic  Carbon  (DOC) 

Total  Organic  Carbon  (TOC) 

5.  Total  Phosphorus 

6.  Specific  Conductance 

7.  Total  Suspended  Solids 
Volatile  suspended  solids 

8.  Phenolics 

9.  Sulphide 

10.  Oil  and  grease 

11 .  Cyanide 
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•     whether  MOE  analytical  methodologies  are  currently 
available  (Y  =  Yes),  (P  =  Possibly), 
(N  =  No) ,  where: 
N  =   the  MOE  laboratory  may  not  have  the  capability  at 
present  to  measure  a  parameter  using  a  validated 
methodology.   However, 
•  "no  capability"  does  not  mean  that  the  laboratory 

cannot  measure  a  parameter,  but  rather  that  the 

laboratory  cannot  currently  measure  the  parameter 

on  a  routine  basis 
"  parameters  reported  through  the  use  of  GC/MS 

"forensic  or  character izational"  screens  do  not 

represent  a  routine  capability 
°    parameters  may  be  measured  and  reported  in  MOE 

reports,  but  may  not  have  been  measured  by  the 

instrumentation  required  for  the  MISA  program 

Table  6  lists  the  concern  levels  generated  using  the  three 
assessment  methodologies  (CMR,  NRTC  and  MOE)  for  each 
contaminant  identified  on  the  1987  EMPPL  (Table  5). 
Explanations  of  the  numbers  and  symbols  (*,  ?,  e,  L)  used 
in  each  assessment  methodology  are  provided  in  the 
appropriate  subsections  of  Appendix  A. 

The  EMPPL  identifies  the  chemicals  for  which  there  is 
sufficient  concern  to  warrant  monitoring  at  the  present 
time.   The  list  will  be  modified  through  the  addition  and 
deletion  of  chemicals  as  new  information  on  effects, 
environmental  fate  and  exposure  becomes  available. 

Table  5  identifies  the  exposure  information  that  was 
available  during  assessment.   Not  all  chemicals  on  the 
EMPPL  are  discharged  by  every  sector.   The  absence  of  an 
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entry  under  a  particular  sector  may  reflect  a  lack  of 
information  about  that  sector  rather  than  indicating  that 
the  chemical  is  not  present. 

All  chemicals  on  the  EMPPL  are  being  considered  for 
monitoring  by  all  sectors,  with  any  exclusions  based  on 
additional  exposure  information  or  analytical  capability 
limitations  being  considered  on  a  case-by-case  basis. 

Validated  or  routine  analytical  methods  are  not  available 
for  all  chemicals  on  the  EMPPL.   The  EMPPL  assessments  may 
be  used  to  identify  those  chemicals  for  which  validated  or 
routine  methods  should  be  developed  on  a  priority  basis. 


4.2   LIMITATIONS  OF  THE  ONTARIO  EFFLUENT 
MONITORING  PRIORITY  POLLUTANTS  LIST 

There  are  number  of  limitations  to  this  EMPPL,  in 
part  icular : 

•  limited  data  base 

•  uncertainties  in  assessments. 

4.2.1  Limited  Data  Base 

Comprehensive  toxicological  and  environmental  fate 
information  is  lacking  for  many  chemicals.   In  developing 
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the  EMPPL  a  limited  review  of  the  literature  was 
conducted  because  of  the  short  time  available.   A  larger 
amount  of  toxicological  information  could  be  obtained 
through  a  more  exhaustive  review.   In  addition,  little 
information  exists  on  the  chemical  composition  of 
industrial  and  municipal  effluents  in  general  and  Ontario 
effluents  in  particular.   Thus,  many  of  the  chemicals 
identified  through  the  chemical  identification  stage  were 
not  assessed  due  to  limited  data.   These  chemicals  have 
been  prioritized  for  future  review. 

4.2.2.     Uncertainties  in  Assessments 

The  hazard  assessments  from  other  jurisdictions  may  have 
been  developed  to  meet  the  specific  needs  and  objectives 
of  those  jurisdictions.   Chemical  assessments 
incorporating  interpretation  and  judgement  by  such 
agencies  were  accepted  without  a  full  review. 
Difficulties  also  arise  in  using  new  methods  that  have  not 
been  fully  tested. 

The  MOE  assessments  used  readily  available  information, 
predominantly   from  secondary  literature.   The  use  of 
original  studies  is  preferable.   The  assessment  criteria 
(Tables  1  and  2)  were  set  by  Task  Force  consensus. 
However,  the  criteria  used  in  developing  the  EMPPL  are 
adequate  for  developing  environmental  monitoring  lists  at 
this  time. 
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5.0  PROCESS  FOR  FURTHER  DEVELOPMENT  OF  THE 
OBTTARIO  EFFLUENT  MONITORING  PRIORITY 
POLLUTANTS  LIST 

5.1  FUTURE  REVISIONS 

Future  revisions  of  the  EMPPL  will  involve  the  following 
where  practical: 

-  further  development  of  the  data  base 

-  detailed  hazard  assessment 

-  information  feedback  from  subsequent  monitoring 

-  modification  and  updating  as  new  information 
becomes  available 

-  mechanisms  for  external  review  and  input. 

A  framework  which  consists  of  chemical  identification  and 
hazard  assessment  stages  is  outlined  in  Figure  2.   In 
addition,  the  Priority  Substances  Advisory  Committee  has 
been  established  to  advise  on  the  future  development  of 
the  EMPPL. 

5.1.1.     Chemical  Identification 

The  chemical  identification  stage  used  in  developing  the 
EMPPL  will  be  refined  and  expanded  in  the  following 
areas. 

a)    Effluent  Characterization 

Data  on  the  presence  of  chemicals  in  Ontario  effluents  is 
limited.   Gas  chromatography/mass  spectrometry  analyses 
for  organics  and  trace  metal  scans  can  provide  more  data 
and  reduce  the  reliance  on  data  from  other  jurisdictions, 
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which  may  not  be  representative  of  discharges  in  Ontario. 
Such  open  characterization  is  a  complex  undertaking  and 
will  be  conducted  according  to  the  analytical  principles 
and  guidelines  being  developed  as  part  of  the  MISA 
initiative. 

b)    Ambient  Monitoring  Data  and  Chemicals  of  Potential 
Concern 

Current  Ministry  efforts  will  provide  broader  and  more 
reliable  data  on  the  occurrence  of  chemicals  in  the 
environment.   New  chemicals  identified  by  ambient 
monitoring  programs  will  be  considered  as  candidates  for 
the  EMPPL. 

Other  programs  within  the  Ministry,  such  as  the  waste 
generator  registration  program  and  proposed  changes  to 
Regulation  308,  if  accepted,  will  identify  additional 
chemicals  to  be  considered  for  hazard  assessment  and 
possible  inclusion  on  the  EMPPL. 

c)    Industrial  Use/Manufacture  Inventory 

Manufacture  and  use  patterns  can  indicate  possible 
presence  in  effluents  of  chemicals  of  potential  concern 
but  lacking  adequate  analytical  protocols  for 
effluent/ambient  monitoring.   Such  information  can  be 
obtained  through  collaborative  efforts  with  industry  or  by 
using  formal  mechanisms  available  through  federal  and 
provincial  legislation. 
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5.1.2      Hazard  Assessment 

The  parameters  used  for  the  assessment  of  the  effects  and 
environmental  fate  of  chemicals  in  the  development  of  the 
1987  EMPPL  will  continue  to  be  utilized.   An  additional 
parameter  has  been  developed  for  environmental 
distribution.   Details  of  this  parameter  are  outlined  in 
Appendix  A.   Further  refinements  will   be  made  as 
necessary  and  in  concert  with  current  Ministry  activities 
in  this  area. 

The  information  used  in  the  1987  approach  for  the 
assessment  of  exposure  will  be  augmented  by  monitoring 
data  and  effluent  characterization  data.   The  assessment 
will  examine  frequency  of  detection,  detection  limits  and 
levels  of  occurrence. 

The  use  of  a  weight-of-evidence  approach,  rather  than  a 
worst-plausible-case  approach,  will  be  considered  for 
future  hazard  assessments.   The  latter  was  frequently  used 
in  assessing  chemicals  for  the  1987  list.   In  addition,  an 
increasing  amount  of  information  on  toxicology  and 
environmental  fate  of  chemicals  is  being  generated  by  a 
multitude  of  organizations,  world-wide.   This  information 
will  be  taken  into  account  to  ensure  that  the  EMPPL 
reflects  current  knowledge.   The  information  will  be 
entered  into  the  Hazardous  Contajninants  Coordination 
Branch's  database,  which  is  currently  under  development. 
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5.2.   IMPLEMENTATION  OF  PROCESS 

The  Priority  Substances  Advisory  Committee  (PSAC)  has  been 
established  to  provide  advice  on  the  further  development 
of  the  EMPPL.   One  function  of  this  Committee  is  to 
consider  listing/de-listing  requests.    The  MISA  Advisory 
Committee  or  a  proposed  advisory  committee  on 
environmental  standards  will  be  requested  to  review  the 
recommendations  made  by  the  PSAC.   This  review  process  is 
consistent  with  the  committment  of  the  Government  of 
Ontario  to  public  consultation. 
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Note:   Bibliography  for  Effects  and  Environmental  Fate 
Assessments 

Information  for  the  effects  and  environmental  fate 
assessments  using  the  MOE  criteria  was  obtained  from 
approximately  20  secondary  sources.   Both  computerized 
databases  and  readily  available  handbooks  were  used.   The 
references  used  for  each  chemical  assessment  are  on  file 
with  the  Ministry. 


APPENDIX  A 


ASSESSMENT  METHODOLOGIES  EMPLOYED  BY  THE  MISA 
PRIORITY  POLLUTANTS  TASK  FORCE 

1.0   Michigan  Department  of  Natural 

Resources  Critical  Materials  Register 

(CMR) 
2.0   Niagara  River  Toxics  Committee 

Assessment  Criteria  (NRTC) 
3.0   Ontario  Ministry  of  the  Environment 

Chemical  Assessment  Criteria  (MOE) 


1.0   MICHIGAN  DEPARTMENT  OF  NATURAL  RESOURCES  CRITICAL 
MATERIALS  REGISTER  (CMR) 


Extracted  in  total  from; 


Michigan.   Department  of  Natural  Resources. 

Environmental  Services  Division.  1980.   Critical 
Material  Register.  [Department  of  Natural 
Resources,  Lansing]. 


NOTE: 

The  1980  version  of  the  CMR  and  its  associated  criteria 
and  rationale  as  reproduced  in  this  Appendix,  are 
currently  going  through  an  extensive  review  and  re- 
evaluation  process.   It  is  expected  that  this  review  will 
result  in  changes  to  both  the  criteria  and  their 
associated  rationale  in  the  subsequent  version  of  the  CMR. 
Communications  with  the  staff  of  the  Michigan  Department 
of  Natural  Resources  indicate  that  this  re-evaluation 
should  not  drastically  change  the  current  composition  of 
the  CMR;  however,  additional  chemicals  may  be  added. 
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SUMMARY 

Pursuant  to  Act  293,  P. A.  1972,  an  amendment  to  Act  245,  P. A.  1929,  the 
Michigan  Water  Resources  Commission  was  authorized  to  develop  a  Register  of 
Critical  Materials  which  are  or  may  be  used  and/or  discharged  in  Michigan.  The 
development  of  the  Register  is  based  on  extensive  review  of  the  scientific 
literature  on  physical,  chemical,  and  toxicological  properties  of  industrial, 
pharmaceutical  and  agricultural  chemicals.  Advice  on  establishment  and  subsequent 
revisions  of  the  Register  comes  from  an  advisory  committee  composed  of  environmen- 
tal specialists  from  academia,  industry,  government,  and  special  interest  groups. 
Chemicals  selected  for  review  include  chemicals  with  well  recognized  high  toxi- 
city (e.g.  PCB's,  mercury,  cyanide,  etc.),  those  from  various  lists  of  prior- '.:. 
chemicals  developed  by  NIOSH,  EPA,  etc.,  and  chemicals  of  specific  concern  in 
Michigan.  The  review  process  utilizes  a  hazard  assessment  methodology  which 
considers  acute  toxicity,  carcinogenicity,  mutagenicity,  teratogenicity,  per- 
sistence, bioaccumulation,  and  other  adverse  effects  (including  subacute  and 
chronic  toxicity,  feto-  or  embryotoxicity ,  phytotoxici ty  and  aesthetics). 
Chemicals  are  numerically  scored  as  to  their  hazard  and  those  posing  a  high 
environmental  concern  (i.e.  high  score)  are  inlcuded  in  the  Register.  The 
Register  is  revised  and  updated  annually  as  additional  information  about  these 
chemicals  becomes  available. 

Every  business  within  the  State  using  Critical  Materials  and  discharging 
to  the  waters  of  the  State  or  discharging  process  waste  in  addition  to  sanitary 
waste  to  a  sewer  system  must  file  an  annual  report  on  Critical  Materials  use 
and  discharge.  This  information  is  then  used  for  protection  of  the  environment 
and  human  health  through  water  pollution  control  programs. 
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INTRODUCTION 

Act  245,  Public  Acts  (P. A.)  of  1929,  as  amended  by  Acts  200  and  293, 
P. A.  1970  and  1972,  respectively,  provides  for  annual  reporting  of 
wastewater  discharge,  and  use  and  discharge  of  materials  which  appear  on 
a  Register  of  Critical  Materials.  Annual  reports  are  required  from  every 
person  doing  business  in  Michigan  who  discharges  wastewater  to:  1)  the 
waters  of  the  State,  or  2)  any  sewer  system  if  the  wastewater  contains 
process  wastes  in  addition  to  sanitary  sewage.  The  Act  provides  for  an 
advisory  committee  of  environmental  specialists  to  assist  in  compilation 
of  the  Register.  Historically,  the  Act  delegated  authority  to  the  Water 
Resources  Commission  to  implement  this  program.  This  authority  has  since  been 
transferred  to  the  Director  of  the  Department  of  Natural  Resources  (DNR) 
by  executive  order.  The  "Wastewater  Report  Forms  and  Instructions" 
booklet  including  the  enabling  legislation  is  available  upon  request  from 
the  Office  of  Toxic  Materials  Control. 

The  original  Critical  Materials  Register  (CMR)  compiled  in  1971 
contained  73  compounds  and  classes  of  compounds  (Table  1).  These  compounds 
were  selected  because  of  their  toxicity  to  organisms  or  aesthetic  problems 
at  concentrations  of  5  ppm  or  less.  The  CMR  was  revised  in  1972  and 
was  reduced  to  52  compounds  and  classes  (Table  2).  No  changes  were  made 
in  the  Reaister  between  1973  and  1976  (Table  3). 
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Table   1.      Michigan  Critical    Materials   Register,    1971. 

HiailGAI^  WATER  RESOURCtS  COMI-llSSIOM 

*CRIT1CAL  MATERIALS  REGISTER 

1,     INORGANIC  MATERIALS   (but  including  orggaic  derivatives) 

Classes  of  inorganic  coirpounds: 

A.     Cations  B^ Anions 

Antimony  Lead  Silver  Azides 

Arsenic  htercury  Thallium  Cyanides 

Cad-Tiium  Nickel  Tin  Sulfides 

Chromium  Selenium  Zinc 
Copper 

II,  ORGANIC  f-lATERIALS 

A.     Toxic  to  hunvans  and/or  fish  at  5  ppm  or  less: 

1,     Organic  compounds : 

Abletic  Acid  Dimethyl   dioxane  Peracetic  Acid 

Acric'inc  Cioxane  Phenanthrene 

Acrolein  Hydroquinone  Quinoline 

Bete  propriclactone     Lactonitrile  Quinone 

Benzene  Mcsityl   Oxide  .       Turpentine 

Benzaldehyde  Naptholic  Acid  Polycnlonnsted  Eiphenyls 

Benzyl   Bromide  Napthol  Kexachlomt-eazene 

Dicliloropropane  Napthenic  Acid  riexachlct^butadier.e 

Diethylbenzene  Oleic  Acid 

i..     Classes  of  organic  conjpounds; 

Amines  Nitrobenzenes 

Anilines  Phenolic  compounds 

Butyraldehydes  Phthalates 

Chlorinated  Benzene   Compounds  Pyridines 

Ether  containing  compounds  Si  lanes 

B.     Cause  aesthetic  problems  at  5  ppm  or  less  (I.e.,   taste  and  odor). 

Compounds  Classes  of  compounds 

Anyl  AcPtate  Ethyl  Acrylate  Picramates 

Butyl  Alcohol  Isoprene  Xylenes 

Butyric  Acid  Mesitylene 

Carbon  Disulfide  Styrcne 

Crotonaldchyde  Vinyl   Toluene 

Cumene 

III.  PESTICIDES,  HERBICIDES  AND  FUNGICIDES 
Herbicides  Pesticides 


Tordon  Aldrin  Endrin 

2-4-5  T(and  its  DDT  Heptacl^ilor 

formulations)  Dieldrin  Toxaphene 
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Table  2.     Michigan  Critical   Materials   Register,   1972 


Michigan  Water  Resources  Commission 

CRITICAL  MATERIALS  REGISTER 

Published  November  1,  1972 


I.     INORGANIC   MATERIALS 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Cyonides 

Leod 


II    ORGANIC  MATERIALS 

Acridine 
Acrolein 
Aldrin 
"Ammonia 
Amyl  Acetote 
Anilines   (inci    Benzidines) 
Benzaldehyde 
Benzene  'Solvent) 
Benzyl  Bromide 
Beta   propriolactone 
Bufyl  Alcohol 
Bufyroldehydes 
Butyric  Acid 
Carbon  Disulfide 
Chlorinofed  Benzene  Compounds 
Crotonoldehyde 
Cumene 
DDT 

Dichloropropone 
Dieldrin 
Diethylbenzene 
Endrin 

Ethyl  Acrylote 
Heptochio' 


Porametcr 
Number 

95000 
95001 
95002 
95003 
95004 
95014 
95005 

Parameter 
Number 

95017 
95018 
95067 
95089 
95052 
95043 
95021 
95020 
95022 
95019 
95053 
95044 
95054 
95055 
95045 
95056 
95057 
95068 
95023 
95069 
95024 
95070 
95058 
95071 


Mercury 

Nickel 

Selenium 

Silver 

Sulfides 

Thallium 

Zinc 


Hexochlorobenzene   iHCBi 

Hexochlorobutodiene   (HCBDi 

Hydroquinone 

Isoprene 

Loctonitrile 

Mesitylene 

Mesityl  Oxide 

Napthol 

Nophthenic  Acid  iNoptholene' 

Nitrobenzcnes 

Phenolic   compounds 

Phrenonthrene 

Phthalates 

Picramofes   'nitro-phenols' 

Polychlorinoted  biphenyls  (PCB's) 

Pyridines 

Quinoline 

Quinone 

Styrenc 

Tordon 

Toxophene 

Vinyl  Toluene 

Xylenes 

2  4  5  T  iflnd  its  formulotions' 


Parameter 
Number 

95006 
95007 
95008 
95009 
95015 
95010 
95012 


95040 
95041 
95027 
95059 
95028 
95060 
95029 
95031 
95032 
95047 
95048 
95035 
95049 
95063 
95039 
95050 
95036 
95037 
95061 
95065 
95072 
95062 
95064 
95066 


New  entry — initiol  reporting  on  this  moferiol  not  required  until  report  due  Jonuory  1974     covering  1973  calendar  yeor ' 
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Table  3.  Michigan  Critical  Materials  Register,  1976 


Michigan  Water  Resources  Commission 

CRITICAL  MATERIALS  REGISTER 

Published  October  1,  1976 


I.     INORGANIC  MATERIALS 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Cyanides 

Lead 


Parameter 

Number 

95000 

Mercury 

95001 

Nickel 

95002 

Selenium 

95003 

Silver 

95004 

Sulfides 

95014 

Thallium 

95005 

Zirtc 

Parameter 
Number 
95006 
95007 
95008 
95009 
95015 
95010 
95012 


Parameter 

ORGANIC  MATERIALS  Number 

Acridine  95017 

Acrolein  95018 

Aldrin  95067 

Ammonia  95089 

Amyl  Acetate  95052 

Anilines  (incl.  Benzidines)  95043 

Benzaldehyde  95021 

Benzene  (Solvent)  95020 

Benzyl  Bromide  95022 

Beta  propriolactone  95019 

Butyl  Alcohol  95053 

Butyraldehydes  95044 

Butyric  Acid  95054 

Carbon  Disulfide  95055 
Chlorinated  Benzene  Compounds       95045 

Crotonaldehyde  95056 

Cumene  95057 

DOT  95068 

Dichloropropane  95023 

Dieldrin  95069 

Diethylbenzene  95024 

Endrin  95070 

Ethyl  Acrylate  95056 

Heptachlor  95071 


Hexachlorot}enzene  (HCB) 

Hexachlorobutadiene  (HCBD) 

Hydroquinone 

Isoprene 

Lactonitrile 

Mesitylene 

Meeityl  Oxide 

Napthol 

Naphthenic  Acid 

Nitrobenzanes 

Phenolic  compounds 

Phenanthrene 

Phthalates 

P;jcramates  (nitro-phanols) 

Polychlorinated  biphenyls  (PCB's) 

Pyridines 

Quinoline 

Quinone 

Styrene 

Picloram 

Toxaphene 

Vinyl  Toluene 

Xylenes 

2-4-5  T  (and  its  formulations) 


Parameter 
NumtMr 

95040 
95041 
95027 
95059 
95028 
95060 
95029 
95031 
95032 
95047 
95048 
95035 
95049 
95063 
95039 
95050 
95036 
95037 
95061 
95065 
95072 
95062 
95064 
95066 
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An  extensive  revision  of  the  Register  along  with  the  methods  for  evaluating 
and  selecting  Critical  Materials  was  made  in  1977.  A  decision  was  made  to  move 
toward  development  of  an  objective  system  for  selection  and  and  a  model  was 
developed  to  evaluate  chemicals  for  possible  inlcusion  (Figure  1).  The  1977 
CMR  (Table  4)  contained  218  compounds  and  classes. 

The  1978  evaluation  procedure  became  more  objective  as  the  review 
process  was  changed  from  a  screening  model  to  a  numerically  scored  hazard 
assessment  system.  This  system  is  summarized  on  the  1978  CMR  Hazard  Assessment 
Sheet  (Table  5).  Eight  factors  of  environmental  concern  were  identified 
and  a  point  value  was  assigned  to  each  category  within  the  individual  factors. 
A  chemical  was  included  on  the  1978  CMR  if  it  receivied  a  score  of  seven 
points  in  one  factor  or  a  cumulative  score  of  seven  points  or  more  in  several 
factors.  The  1978  CMR  (Table  6)  contained  190  compounds  and  classes.  The 
hazard  assessment  process  has  been  continued  in  1979  and  1980  with  additional 
categories  reviewed.  The  1979  CMR  (Table  7)  contained  178  compounds  and 
classes. 

The  CMR  is  revised  and  updated  on  an  annual  basis  in  order  to  be 
effective.  The  rapidly  changing  understanding  of  toxic  substances  and 
numerous  new  chemicals  manufactured  each  year  make  an  annual  review  imperative. 
The  review  process  is  initiated  about  January  1  with  DNR  staff's  development 
of  proposed  changes  in  the  hazard  assessment  process  and  compilation  of  a  list 
of  chemicals  to  be  reviewed.  This  information  is  sent  to  members  of  the 
Critical  Materials  Advisory  Committee  for  review.  Committee  meetings  are  held 
to  discuss  these  proposals  and  to  finalize  the  revisions.  Concurrently, 
chemical  evaluations  of  materials  selected  for  review  are  conducted  by  DNR 
staff  to  gather  data  for  hazard  assessment.  Assessments  are  then  con- 
ducted utilizing  the  finalized  hazard  assessment  process.  The  Committee 
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Figure  1.  1977  Model  for  Screening  and  Selecting  Critical  Materials 


Yes 


Yes 


Yes 


Critical 
Material 


Does  the  chemical  represent  a  potential  environmental 
hazard  eg;  does  it  appear  on  previously  published 
lists  of  chemicals  of  high  environmental  concern  or 
is  it  structurnlly  very  similar  to  chemicals  of  high 
environmental  concern 


Nk 


Yes 


Is  the  chemical  a  knwn  carcinogen  in 
mamma  1 s^ 


^^No 


Does  the  chemical  have  a  high  acute  toxicity  to 
mammals   (oral   LDrn    <5  mg/kg)  or  aquatic  life 
(96  hr.   LC50   <1  mg/D? 


No 


Does  the  chemical   have  moderate  toxicity  to  mammals 
(5-500  mq/l-.g)   or  aquatic  life   (1-10  mg/1)? 


M^ 


Yes 


JlSL 


jP__\ 


Is  the  chemical    a  suspect  carcinogen^  or  possess  any 

of  the  following  properties:     1)   teratogenicity, 

2)  mutagenicity,  3)   bioaccumulation  >  1000, 

4)  eitvironmental   persistence  or,  5)   affect  the  aesthetic 

properties  of  fish? 


No 


Not  a  Criticil^ 
Material 


a.  A  knovm  carcinogen  is  defined  as  a  chemical  meeting  one  of  the  following 
criteria:  1)  Appears  on  the  NIOSH  carcinogen  list  2)  has  been  demon- 
strated through  epidemiological  studies  to  be  a  human  carcinogen  3)  has 
been  shcv;n  at  low  doses  (1«  of  LD50)  to  increase  tumor  production  by  oral 
administration  in  at  least  two  species  of  animals. 

b.  A  suspect  carcinogen  is  defined  as  a  chemical  meeting  the  following 
criteria;  has  been  shown  to  increase  tumor  production  only  at  high  dos-cs 
(  >  1%  of  LD50)  or  by  a  route  other  than  oral  or  in  only  one  species. 

c.  A  chemical  not  meeting  these  criteria  may  still  be  designated  a  critical 
material  if  the  CMR  advisory  connittee  determines  the  compound  represents 
an  unreasonable  environmental  risk  due  to  other  factors. 
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Table  4.     Michigan  Critical   Materials   Register,   1977 
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Table  5.  1978  Critical  Materials  Register  Hazard  Assessment  Sheet 
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Table  6.     Michigan  Critical   Materials   Reqister.   1978 
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Table  7.  Michigan  Critical  Materials  Register,  1979 
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reviews  the  final  assessments  by  July  1.  After  Committee  approval,  the 
CMR  is  final  typed,  checked  for  accuracy  and  forwarded  to  the  DNR  Director 
for  approval.  The  approved  CMR  is  published  on  October  1  in  the  Wastewater 
Reporting  Booklet.  New  chemicals  added  to  the  list  need  be  reported  only 
after  a  one  year  grace  period  as  required  by  the  enabling  legislation. 

Should  industry  or  any  other  group  have  data  which  refutes  the  place- 
ment of  a  chemical  on  the  CMR,  a  formal  appeal  of  that  decision  may  be  made. 
The  appeal  is  made  to  the  DNR  Director  and  must  be  accompanied  by  adequate 
substantiating  data  and  references.  Data  supplied  will  be  reviewed  and 
evaluated  by  the  Office  of  Toxic  Materials  Control  and  the  Critical 
Materials  Advisory  Committee.  If  the  appeal  is  found  to  be  valid,  the 
chemical  will  be  removed  from  subsequent  years'  CMR.  If  the  appeal  is  denied, 
the  specific  reasons  for  the  denial  will  be  given. 

The  purpose  of  the  CMR  is  to  develop  and  maintain  a  list  of  chemicals 
of  high  environmental  concern  from  a  water  oriented  point  of  view.  Presently, 
inhalation  data  is  given  only  minor  consideration  in  the  hazard  assessment 
process  since  the  authority  for  the  CMR  is  based  on  water  related  legislation. 
The  goal  of  the  overall  CMR  program  is  to  provide  information  on  the  use 
and  discharge  of  toxic  substances  which  can  be  utilized  to  prevent  and  control 
pollution  of  the  aquatic  environment  by  these  substances. 

It  is  necessary  to  reach  a  reasonable  compromise  between  the  number 
of  compounds  included  in  the  Register  and  the  impact  on  people  reporting 
under  the  law.  Careful  consideration  must  be  given  to  future  use  of  these 
data  to  prevent  unnecessary  data  collection  and  to  assure  that  the  data  can 
be  adequately  compiled  and  utilized.  The  CMR  was  developed  for  a  specific 
purpose,  thus  it  is  not  applicable  to  all  situations  where  lists  of  toxic 
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or  hazardous  chemicals  are  needed.  No  attempt  has  been  made  to  include  all 
chemicals  on  the  CMR  which  may  be  toxic  or  hazardous  under  some  conditions. 
Such  a  list  would  be  very  lengthy  and  it  is  doubtful  that  it  would  ever  be 
complete. 

Other  enforcement  tools  are  available  to  control  toxic  substances  not 
covered  by  the  CMR  program.  These  tools  include  provisions  of  Act  245, 
P. A.  1929,  as  amended  (Water  Act);  Act  348,  P. A.  1965  (Air  Act);  Act  116, 
P. A.  1978  (Toxic  Substances  Control  Commission  Act);  Act  641,  P. A.  1978 
(Solid  Waste  Act);  and  Act  64,  P. A.  1979  (Hazardous  Waste  Act).  The  permit 
programs  (Air,  Groundwater,  Surface  Water)  can  also  be  used  to  limit  the 
quantities  of  toxic  substances  entering  the  environment. 

In  addition  to  reviewing  chemicals  for  water  pollution  control,  the  1979 
CMR  assessment  process  was  expanded  to  consider  potential  hazards  from  air 
pollutants.  A  spearate  list,  entitled  the  "1979  Air  Priority  Chemicals  List", 
was  developed  which  is  composed  of  the  1979  CMR  plus  other  selected  chemicals 
producing  adverse  effects  from  inhalation  exposure.  The  Air  Priority  Chemicals 
assessment  process  was  continued  in  1980  and  the  1980  Air  Priority  Chemicals 
List  was  developed.  This  group  of  chemicals  will  be  used  to  monitor  usage  and 
emission  of  air  pollutants  to  the  environment.  The  1980  Air  Priority  Chemicals 
List  and  criteria  and  rationale  used  to  develop  the  list  are  available  from  the 
Office  of  Toxic  Materials  Control. 

There  are  several  shortcomings  inherent  in  this  system.  First,  there  is 
a  lack  of  readily  available  information  on  the  toxicity  of  many  chemicals. 
Chemicals  which  lack  sufficient  information  cannot  be  included  on  the  CMR 
via  the  hazard  assessment  process.  However,  such  compounds  will  be  reviewed 
annually  to  obtain  additional  information  as  it  is  published.  A  second 
problem  involves  the  lack  of  adequate  chemical  composition  information 
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about  commercial  products.  This  presents  a  difficulty  in  identifying  those 
products  which  may  contain  toxic  substances.   It  is  often  difficult  and  time- 
consuming  to  convince  industry  to  release  such  information  due  to  its  pro- 
prietary nature.  This  makes  it  extremely  difficult  for  users  of  commercial 
products  to  determine  if  these  products  contain  chemicals  on  the  CMR. 
As  a  result,  compliance  with  the  program  is  lowered. 

A  third  problem  is  the  lack  of  inventory  data  on  chemical  manufacture 
and  use.  Michigan  presently  lacks  legislation  which  would  require  a  company 
to  report  a  chemical  prior  to  its  manufacture  or  use.  This  results  in  the 
inclusion  of  chemicals  which  may  not  be  used  in  Michigan,  making  the  CMR 
more  lengthy  than  necessary.  The  provisions  of  the  Federal  Toxic 
Substances  Control  Act  may  make  this  information  available  to  the  State  if 
confidentiality  procedures  do  not  block  its  disclosure. 
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CRITICAL  MATERIALS  ADVISORY  COMMITTEE 

Pursuant  to  Section  6(b)  of  Act  293,  P. A.  1972,  an  advisory  committee 
of  environmental  specialists  is  designated  by  the  Director  of  the  Department 
of  Natural  Resources  to  provide  advice  to  the  Director  on  the  development 
and  revision  of  the  Critical  Materials  Register.  The  Committee  also  provides 
advice  and  recoimiendations  on  the  development  of  the  general  program.  The 
Committee  is  composed  of  representatives  from  academia,  industry,  state 
government  and  special  interest  groups.  Members  of  the  1980  Critical  Materials 
Advisory  Committee  are  listed  in  Table  8. 

The  Advisory  Committee  concept  has  proven  very  beneficial  in  the  devel- 
opment of  the  Critical  Materials  Program.  The  wide  range  of  backgrounds 
represented  on  the  Committee  has  allowed  development  and  implementation  of 
a  program  which  can  provide  maximum  information  on  use  and  discharge  of  toxic 
substances  with  as  minimal  an  impact  on  industry  as  possible.  The  Advisory 
Committee  concept  also  allows  input  by  industrial  and  academic  environmental 
specialists  at  all  stages  of  development  of  the  program.  Additionally,  this 
approach  allows  DNR  staff  to  anticipate  and  avoid  many  potential  problems 
during  development  and  implementation  of  the  program.  These  factors  have 
also  increased  compliance  with  the  program. 


IARLl  8.     CRIiiCAL  MATLIUAL:   ADVISOr^Y  COfiUllCL  1980 
Invited  flcMBERs 
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Michael  Adams,  Instructor 
Health  Careers  Decartment 
Lansing  Coirimunity  College 
419  North  Capitol  Avenue 
Lansing,  Michigan  48901 


Rolf  Hartung,  Ph.D. 
Dept.  of  Env.  &  Ind.  Health 
School  of  Public  Health  II 
University  of  Michigan 
Ann  Arbor,  Michiaan  4E104 


Norman  Levitin,  Plant  Moneger 
Nelson  Industrial  Services,  inc. 
12345  Schaefer  Highway 
Detroit,  Michigan  43227 


Paul  Tomboulian,  Ph.D. 
Department  of  Cl^emistry 
Oakland  University 
Rochestei-,  Michigan  48063 


William  Ward,  Staff  Project  Engineer 
Environmental  Activities  Staff 
General  Motors  Technical  Center 
Third  Floor  West 
Warren,  Michigan  48909 


Lawrence  Washington 

Tech.  Mgr.  of  Environmental  Control 

Michigan  Division 

Dow  Cher,ical  Company 

628  Building 

Midland,  Michigan  48824 


William  Schroeder,  President 
Burdick  and  Jackson  Labs.,  Inc. 
1953  South  Harvey  Street 
Muskegon,  Michigan  49442 


Matthew  Zabik,  Ph.D.,  Assoc.  Director 
Pesticide  Research  Center 
Michigan  State  University 
East  Lansing,  Michigan  48824 


Ralph  Smith,  Ph.D. 
Dept.  of  Env.  &  Ind.  Health 
School  of  Public  health  II 
University  of  Kichigsn 
Ann  Arbor,  Michigan  481C4 


Ibrahim  Zeitoun,  Ph.D. 
Head,  Aquatic  Ciolo-y  Section 
Consumers  Power  Company 
1945  West  Parnell  Road 
Jackson,  Michigan  49201 


James  Tiedje,  Ph.D. 
Dept.  of  Crop  and  Soil  Sciences 
Michigan  State  Universitv 
101  Crop  Science  Building 
East  Lansing,  Michigan  43824 


State  Advisors 


James  Bedford,  Ph.D.,  Laboratory 
Envircnr.^ntal  Services  Division 
Department  of  Nat.-r3l  Resource" 
P.O.  Box  30028 
Lansing,  Michigan  489C9 


George  Su,  Ph.D.,  Tech.  Services  Section 

Air  Qual ity  Division 

Department  of  natural  Resources 

P.O.  Box  3CC2P 

Lansing,  MScMijan     48909 


Michael   Beck 

Water  Quality  Division 

Department  of  Natural   Resources 

350  Ottawa 

Grand  Rapids,  Michigan  49503 


David  Wade,  Ph.D. 
Environmental  Epidemiology 
Department  of  Public  Health 
P.O.  Box  30035 
Lansing,  Michigan  48909 


Jack  Karr,  Surveillance  Fee  Program 
Environmental  Services  Division 
Department  of  Natural  Resources 
P.O.  Box  30028 
Lansing,  Michigan  46909 


Robert  Kirkpatrick 
Plant  Industry  Division 
OepartJTient  of  Agriculture 
Lewis  Cass  Building 
Lansing,  Michigan  48909 


Okfice  cf  Toxic  Materials  Control 
environmerital  services  division 
department  or  natural  resources 

P.O,    BOX    30C28 
Lansing,    Michigan      48909 


Richard  Powers,   Chairperson 
Ralph  Bednarz 


Gary  Hurlburt 
Terrance  Kavanagh 
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SELECTION  OF  CHEMICALS  FOR  REVIEW 

The  1977  Critical  Materials  Advisory  Committee  recognized  the  need 
for  an  extensive  review  of  chemical  compounds  that  were  not  included  on 
previous  Registers.  At  that  time,  there  were  an  estimated  4,000,000  known 
chemicals.  Approximately  50,000  chemicals  were  in  common  use  (exluding 
pesticides,  pharmaceuticals  and  food  additives).  Only  a  small  subset  of 
possible  candidates  could  be  selected  for  detailed  consideration  because 
of  the  large  number  of  compounds  in  existence,  the  lack  of  a  comprehensive 
and  readily  accessible  data  base  on  many  chemicals,  and  the  limited  amount 
of  time  and  staff.  In  order  to  review  compounds  of  highest  concern,  the 
committee  chose  to  limit  its  initial  consideration  to  compounds  or  classes  of 
compounds  which  had  been  identified  in  previous  reviews.  Compounds  included 
in  these  reviews  had  potential  adverse  effects  on  human  health  or  the 
environment,  or  large  production  volumes  and  consequent  potential  for  sub- 
stantial human  exposure  or  environmental  release.  Eight  separate  source  lists 
of  this  type  were  identified  (Table  9).  These  lists,  along  with  the  1976 
CMR  formed  the  basis  of  the  "Proposed  List  of  Hazardous  Materials  to  be 
Screened  for  the  1977  Critical  Materials  Register"  (Appendix  1).  This 
combined  list  had  approximately  400  entries  which  included  specific  compounds 
and  classes  of  compounds.  All  of  these  compounds  were  reviewed  for  the 
1977  Critical  Materials  Register. 

The  same  procedure  was  used  for  the  1978  CMR  revision.  Two  separate 
source  lists  (Table  10),  a  list  of  hazardous  compounds  compiled  from  infor- 
mation reported  in  the  Federal  Register,  and  a  list  of  compounds  identified 
by  the  Office  of  Toxic  Materials  Control  staff  as  possible  candidates 
for  the  1978  CMR  were  used  to  compile  the  "List  of  Priority  Chemical  Sub- 
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Table  9.  Chemical  Lists  Utilized  for  1977  CMR  Revision, 


Potential  Industrial  Carcinogens  and  Mutagens,  National 
Center  for  Toxicological  Research.  (90  chemicals) 

Persistent  Toxic  Substances,  International  Joint 
Commission.   (57  chemicals  or  classes) 

List  of  Hazardous  Substances,  U.S.  Environmental 
Protection  Agency.   (306  chemicals) 

General  Agreement  -  Restricted  Pesticide  List,  December, 
1976,  U.S.  Environmental  Protection  Agency.  (81  chemicals) 

List  of  Priority  Pollutants,  U.S.  Environmental  Protection 
Agency.   (129  chemicals) 

Toxic  Pollutant  List,  Prepared  by  Tracor,  Jitco,  Inc. 

for  the  U.S.  Environmental  Protection  Agency.  (226  chemicals! 

List  of  Substances  of  Concern,  State  of  New  York, 
Department  of  Environmental  Conservation.  (135  chemicals 
or  classes) 

OSHA  Standards  for  Carcinogens,  Occupation  Safety  and  Health 
Administration.  (14  chemicals) 
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Table  10.  Chemical  Lists  Utilized  for  1978  CMR  Revision 

i  TSCA  Preliminary  List,  U.S.  Environmental  Protection 
I  Agency.  (300  compounds  or  classes  of  compounds) 

Preliminary  Possible  Pollution  List,  U.S.  Environmental 
Protection  Agency,  Region  V.  (38  specific  chemicals) 


Table  11.  Chemical  Lists  Utilized  for  1979  CMR  Revision 


List  of  Chemical  Contaminants  in  the  Great  Lakes; 
Table  I  &  II.   International  Joint  Conmission, 
Great  Lakes  Water  Quality  Board  Status  Report, 
Appendix  E.  (50  chemicals) 

Scoring  of  Organic  Air  Pollutants.  Prepared  by 

MITRE  Corporation  for  the  U.S.  Environmental 

Protection  Agency.  EPA-450/3-77-00814.  (637  chemicals) 

Preliminary  List  of  Chemicals  Submitted  for  Air 

Pollution  Exposure  Studies.  U.S.  Environmental  Protection 

Agency.  (40  chemicals) 

List  of  Chemicals  with  Time  Weighted  Average  Exposure 
Limits  for  Occupational  Exposure  in  the  Workplace. 
Occupational  Safety  and  Health  Administration.   (360 
i   chemicals  and  classes) 
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stances  for  Further  Evaluation  by  the  1978  CMR  Advisory  Committee" 
(Appendix  2).  Approximately  350  compounds  or  classes  of  compounds  were 
included  on  this  list.  A  total  of  200  compounds  from  this  list  were 
evaluated  for  the  1978  CMR.   In  addition,  the  218  compounds  or  classes 
of  compounds  on  the  1977  CMR  were  re-evaluated  to  obtain  additional 
information  required  for  the  hazard  assessment  scoring  procedure. 

The  Critical  Materials  Advisory  Committee  evaluated  a  total  of 
289  compounds  and  classes  of  compounds  for  the  1979  CMR.  These  included 
the  190  compounds  and  classes  of  compounds  on  the  1978  CMR  and  99 
additional  chemicals  which  were  selected  as  possible  candidates  for  the 
1979  CMR  (Appendix  3).  Four  separate  source  lists  (Table  H)  and  a  list  of 
compounds  selected  by  the  Office  of  Toxic  Materials  Control  staff  for 
further  evaluation  were  used  to  compile  this  list  of  CMR  candidates. 

The  Advisory  Committee  selected  259  chemicals  for  the  "List  of  Priority 
Chenical  Substances  for  Further  Evaluation  by  the  1980  CMR  Advisory  Committee" 
(Appendix  4).  Major  emphasis  for  the  1980  CMR  revision  was  placed  on 
chemicals  recognized  as  carcinogens.  Chemicals  chosen  for  this  list  included 
103  compounds  selected  from  the  chemicals  evaluated  by  the  International 
Agency  for  Research  on  Cancer  and  60  compounds  selected  from  the  chemicals 
tested  by  the  National  Cancer  Institute.  Additionally,  48  chemicals  designated 
by  the  staff  of  the  Office  of  Toxic  Materials  Control  as  potential  hazardous 
substances  and  48  compounds  selected  for  inhalation  toxicity  concerns  were 
included  on  the  list.  A  total  of  223  compounds  from  this  list  were  evaluated 
for  the  1980  CMR. 

Over  2,000  chemical  compounds  or  classes  of  compounds  have  been  reviewed, 
and  of  those  approximately  750  have  been  hazard  assessed  for  possible  inclusion 
on  the  CMR. 
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CHEMICAL  EVALUATION  PROCEDURE 

Chenical  evaluations  for  the  Critical  Materials  Register  consist  of 
literature  searches  on  the  physical,  chemical,  and  toxicological  properties 
of  those  chemicals  selected  for  review  from  the  various  lists  of  priority 
chemicals  noted  in  the  preceding  section  or  chemicals  which  pose  potential 
problems  in  Michigan. 

The  procedure  begins  with  the  assignment  of  a  literature  researcher. 
The  chemical  is  identified  by  the  "most  conmonly  used"  name  and  the 
International  Union  of  Pure  and  Applied  Chemists  (lUPAC)  name.  The  chemical 
Abstract  Service  number  is  also  determined.  The  most  commonly  used  in-house 
references  (Table  11)  are  used  to  define  physical  characteristics  and  develop 
an  overview  of  toxicity  and  other  adverse  effects.  From  this  point,  the  re- 
maining office  references  (i.e.  collected  journal  articles,  texts,  etr  '  are 
reviewed.  The  various  sections  of  the  State  of  Michigan,  Michigan  State 
University,  and  the  University  of  Michigan  libraries  dealing  with  chemicals  and 
chemical  toxicants  are  used  to  complete  the  literature  summary.  Chemical 
Abstracts,  Pesticide  Abstracts,  International  Agency  for  Research  on  Cancer 
Monographs,  National  Cancer  Institute  reports,  NIOSH  Criteria  Documents,  U.S. 
Environmental  Protection  Agency  criteria  reports,  etc.,  are  reviewed.  Various 
computer  searches  such  as  Pollution  Abstracts,  Toxline,  Medline,  etc.,  available 
through  Michigan  State  University  are  also  used. 
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Table  M-     List  of  Office  References  Most  Comnonly 
Used  for  Chemical  Evaluations 


Brown,  A.   W.   A.,  Ecolpfiy  of  Pesticides.     John  Wiley  &  Sons.     Niw  York, 
lu'W  York.      1971;. 

Dawson,  G.   W.  ,    't  a1 .  ,     Cpntrnl   of  Spillage  of  IMzardous  Poll'.itirg  S.'b- 

sUii'CO.     Bottellt"  ln7iilulc  Ked'.ra)  Katpr'Cua'l  ity  />c1;:iiris't  r.;tion. 
R;cl.ldnd,  k;A.      1970. 

tiewson,  G.  W.,  .  (  C.I.,  Pptti-fi'in^tion  ot  H.Tr"fi,1  I'lif.ntit ios  <»nd  Pdtr'  of 
Ptn.iUv  for  HaViirdou"-"  buLiStdnrcs.  "VoIhui.t  111.  tr.vii-on:i.'-iilc1 
Kroltction  Aycnc> ,  WdSfnngton,  LiC.     1974. 

Fairchild,   E.   J.,  <'(   a1..     Registry  of  To\ic  Fffccts  of  Chemical   Subst.inrc-s 
(RT[C5).     Volumes   1  &  11.     NIOSH.     Cincinnati,  Oil.     "1577. 

Gleason,  K.    N.,  c-.  al.  ,     CVinical   ToxiccloQv  of  Connc-rcia!    Troducts.      1th 
Edition.     Will  iams  ana' Hilkins  fo'-^nany.     (>altiiT.oro,  MO.      1976. 

Gjon?i,   W.   D.,   fd.      Pesl  ir  id'<    in  Soil   ar.v-"  Water.     Soil   Science  Society  of 
Aiicrics,    If.c.  '  ha'disbi.,   fi.      I'j/M. 

Hilton,  J.   L.,   .1  :.:.      '|.-rbi-i't-    "h  d!.  -■■  .      3i  rt  rc<iticn.     V.'i  i-d  Society  of 
^icric.i.      rt.>.,;.,ii9i>,    IL.      l'<,-.. 

Hdw'i"y.   G.    C    ,      l^r  fpn)""-.  H  '■■\f.-\    !'  rtir.,.,v.     9t''  rciitioii.      Van 
t.j-.t:.i.iJ   HlIu      mi.        "  ,  .    :•■  .     M*  ,   I.I  .       ryi'l. 

Key,   >'■■    K..,    ■;    ■■■f-,      Oci  i.:..itjr.  ,  ■!    Ii-.p,".^-.,   rev.    id.      'UOSII.      HC'.'iin.-lc" , 
DC.      1977. 

Littlt,   A.    II.,   Uat---  (Ji;,ilily_rrilcri,i   (ir,.   Ijok .      Volin-.c   I,    "Or(;.irri( 

Clu'ii-ol    P;.l  .>  I  ion  ot    I  I  es'K' i!fi".      liivirrmn'jnt.il    Prulcclio-i 
Aorn;y.      Ca'iiliridijc ,   K"..      197C. 

r'()t<.ui.ut.:,   I.,     Ti.    .(.oloijy  of    l;isr>  tit  .ri'.-s.   i'1'.-iiui    Prc-s.     H'k  U'il  ,  NY. 
1170. 

Kci;ce,   J.    r.    .ir.J  Wolf,   M     W.,   l.'^mr  PiMli'y  rrit,-i.-.    'Jnrt  Icilio...      Cal  iform'.: 
Slat.    V.atti    kos'iiircr^  Cntitror  Uarii.'    U.S.   (icnarimcnt  of  l-r.;1tl., 
lOucdlion  and  V.'oKari;.     1963. 

Keltic,   C.   I'l.,     Iv-t.il.'-'l  is-''  0'   pL=l_ic'jl'''i.     Unitol  jtctos  Ucparlw  rl  i-.<    the 
li,'..i  lo'r,  "fish  and  '..- ,>;  i?c  bf-ivice.      cju..u  of  Sport   fisheries 
aid  V.il,:life.      Sptci.il    S:.itntific   Report  :,o.    127.      Washinntrn,   DC. 
1'jCO. 

Sax,  N.   I.,     (".Trirnri'iS   P'-opert^jT'.  pJJ^ndustHal  Msteiirijs.     1th  tditi-jn. 
Von  tJoslrand  "ReinKold  Corpcny .""  New  Yori; ,  ii< .     1975. 

Shfcpard,   H.    I'.,     Pesticide;  Dict^ionar^.     Keistcr  Pul'liihirg  Company, 
wniouylihy,   W.   "Ii77.' 

Vcrstl'.jertn,    ''    .   HandbPot  of  Fnvir£nfe"*.al    lyla  .<'V'  f^'iJ.i'Jlic.  r!"''2i<"'lL5- 
Van  (»ostrand  Keini.old  LO'.;>aiiy.     :.ew  Vi.ii.,   U( .      1S77. 

Windholz,  M.  ,  .♦  r.'.      The  Merck   Indf-x.     9tli  Ldition.     "erck  and  Company, 
Inc.     Ruliwjy,   NJ.     T97o.'" 

Wiswcsscr,  W.   J.,   ed.     PeMiodf   Ir.d.  x.     5th  fditicn.     Entoi"olonical 
Society  o(   A'licnca.      (ollrie  Park.   HU.      1970. 
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Literature  researchers  record  all  pertinent  data  on  the  chemicals  and 
obtain  copies  of  the  original  articles  on  carcinogenicity,  teratogenicity, 
mutagenicity,  or  chronic  adverse  effects.  Articles  are  also  obtained  on 
other  detailed  information  pertinent  to  an  adequate  chemical  evaluation. 

The  completed  evaluation  includes  the  best  available  chemical  and 
toxicological  information  with  this  information  properly  referenced.  The 
evaluation  is  then  reviewed  for  accuracy,  references,  and  toxicity  data. 

This  is  a  summary  of  the  evaluation  process.  The  complete  procedure 
is  available  from  the  Office  of  Toxic  Materials  Control. 
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HAZARD  ASSESSMENT  PROCESS 

The  hazard  assessment  process,  is  a  priority  ranking-point  assignment 
system,  used  to  evaluate  compounds  for  possible  inclusion  on  the  CMR.  This 
system  is  summarized  on  the  1980  CMR  Hazard  Assessment  Sheet  (Table  13). 
The  goal  of  the  1978  and  subsequent  1979  revisions  was  to  increase  the 
objectivity  of  the  hazard  assessment  process  to  better  balance  the  degree 
of  emphasis  placed  on  each  factor  considered.  Factors  of  environmental 
concern  for  potentially  deleterious  substances  are  separated  into  seven 
specific  areas:  1)  acute  toxicity,  2)  carcinogenicity,  3)  hereditary 
mutagenicity,  4)  teratogenicity,  5)  persistence,  6)  bioaccumulation,  and 
7)  other  adverse  effects  (including  subacute  and  chronic  effects  to  terrestrial 
and  aquatic  life,  phytotoxici ty  and  aesthetics).  Adverse  effects  of 
metabolites  or  degradation  products  are  evaluated  as  properties  of  the  parent 
chemical.  Should  these  metabolites  or  degradation  products  meet  the  criteria 
for  placement  on  the  register,  the  parent  compound  is  included  on  the  CMR. 
Criteria  and  rationale  for  each  factor  are  included  in  the  following  section. 

Each  category  within  the  seven  individual  factors  has  been  assigned 
apoint  value  commensurate  with  its  level  of  environmental  concern  in  keeping 
with  the  overall  objectives  of  the  program.  A  score  of  seven  points  in  one 
factor  or  a  cumulative  score  of  seven  or  more  points  in  several  factors  will 
include  a  chemical  on  the  CMR.  The  scoring  factors  can  be  adjusted  to 
reflect  changing  priorities  or  objectives,  and  to  control  the  final 
composition  of  the  list.  The  factors  which  potentially  have  the  most  severe 
adverse  impacts  on  the  environment  and  human  health  (acute  toxicity, 
carcinogenicity,  hereditary  mutagenci i ty ,  teratogenicity,  bioaccumula- 
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tion  and  low  dose  adverse  effects)  may  receive  a  maximum  score  of  seven. 
Those  factors  which  can  receive  a  score  of  seven  represent  a  very  high  level 
of  concern  and  are  restricti vely  defined  in  the  Criteria  and  Rationale. 
Other  factors  which  are   of  relatively  lower  concern  receive  correspondingly 
lower  point  values  and  are  less  restricti vely  defined  in  the  criteria. 
Persistence  is  of  high  concern  since,  through  longer  exposure,  it  may 
increase  the  impact  of  other  factors.  Therefore,  it  receives  a  higher 
rating  (number  of  points)  than  might  seem  justified  at  first.  Aesthetic 
effects  may  have  significant  adverse  impacts  on  the  value  and  usefulness  of 
aquatic  systems.  However,  aesthetics  have  been  scored  at  a  lower  level  since 
their  effects  are  of  lower  concern  than  the  more  critical  biological  effects. 
Phytotoxici  ty  receives  a  lower  rating  primarily  due  to  a  lack  o"^  consistent 
research  methodologies  and  damage  measurements. 

The  actual  process  of  scoring  the  chemical  on  the  Hazard  Assessment 
Sheet  must  be  carefully  and  accurately  conducted  to  insure  the  integrity 
cf  the  program.  Each  factor  in  the  Hazard  Assessment  Process  is  scored 
for  all  the  chemical  substances  reviewed.  All  available  data  must  be  fully 
evaluated  to  determine  their  validity,  and  the  proper  scoring  factor  and 
category.  Often,  the  original  research  publications  must  be  obtained  before 
a  decision  can  be  made.  Staff  of  the  DNR  or  members  of  the  Advisory  Committee 
may  then  make  decisions  on  the  adequacy  of  the  testing  methods,  statistical 
analyses,  and  data  interpretation.  Experience  has  shown  that  caution  must  be 
excercised  when  material  from  summary  papers,  second  hand  references  to 
the  work  of  others,  or  references  such  as  the  Registry  of  Toxic  Effects  of 
Chemical  Substances  are  used.  It  appears  that  the  rate  of  error  or 
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misinterpretation  of  data  in  these  types  of  publications  is  quite  high. 
Therefore,  it  is  advisable  to  obtain  copies  of  the  original  publications 
whenever  possible  and  use  those  data  to  conduct  the  hazard  assessment. 
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HAZARD  ASSESSMENT  CRITERIA  AND  RATIONALE 


ACUTE  TOXICITY 


CRITERION: 


SCORE 
7  Extremely  Toxic 
3  Highly  Toxic 


ORAL  LD50      DERMAL  LD50  AQUATIC  96  HR  LC50 

<  1  mg/1 


<  5  mg/kg  <  5  mg/kg 

5-50  mg/kg  5-200  mg/kg     1-10  mg/1 

2  Moderately  Toxic   >  50-500  mg/kg  >  200-500  mg/kg  >  10-100  mg/1 

1  Slightly  Toxic     >  0.5-5  g/kg  >  0.5-5  g/kg   >  100-1000  mg/1 

0  Relatively  Nontoxic   >  5  g/kg  >  5  g/kg      >  1000  mg/l 

*  Insufficient  infonnation 

RATIONALE: 

Classification  is  based  upon  generally  accepted  terminology  found  in  the 
available  literature  on  acute  toxicity.  The  critical  levels  describing 
"highly  toxic"  for  oral,  dermal,  and  aquatic  LC50s  are  adapted  from 
Battel le  Memorial  Institute,  National  Academy  of  Sciences,  State  of  Cali- 
fornia List  of  Toxic  Substances,  Federal  Water  Pollution  Control  Agency, 
Pesticides-Title  40,  Department  of  Transportation  Title  49,  Consumer 
Product  Safety  Commission,  and  the  Federal  Hazardous  Substances  labeling 
Act  Title  15  classifications  (EPA,  1978),  as  well  as  systems  presented  by 
Hodge  and  Sterner  (1949).  Levels  of  "moderate",  "slightly"  and  "relatively 
nontoxic"  are  adapted  from  the  National  Academy  of  Sciences  (EPA,  1975), 
Hodge  and  Sterner  (1949)  and  Gleason,  et  al.    (1977). 

Data  available  for  each  category  for  each  type  of  exposure  (i.e.  oral,  dermal 
aquatic)  are  scored  independently.  The  score  assigned  to  the  acute  toxicity 
factor  is  the  highest  score  given  to  any  individual  category.  For  example, 
a  chemical  substance  which  has  an  oral  LD50  of  5-50  mg/kg,  a  dermal  LD50  of 
200-500  mg/kg,  and  an  aquatic  96  hr  LC50  of  less  than  1  mg/1  is  assigned  a 
score  of  seven  based  on  the  extreme  aquatic  toxicity. 

REFERENCES: 

Cassarett,  L.  J.  and  Doull,  J.  (eds.)  1975.  Toxicology,  The  Basic  Science 
of  Poisons.  Macmillan  Publishing  Co.,  Inc.  New  York,  New  York.  768  pp. 

Gleason,  M.  N.;  Gosselin,  R.  E.;  Hodge,  H.  C;  and  Smith,  P.  R.  1977. 

Clinical  Toxicology  of  Commercial  Products,  4th  Edition.  Williams  and 
Wilkins  Company.  Baltimore,  MD. 
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Hodge,  H.  C.  and  Sterner,  S.  H.  1949.  Tabulation  of  toxicity  classes 
AIHA  Quarterly.  70:93-96. 

U.S.  Environmental  Protection  Agency.  1975.  A  Summary  of  Hazardous 
Substance  Classification  Systems.  Solid  Waste  Management  Series 
(SU-171)  EPA/530. 

U.S.  Environmental  Protection  Agency.  1978.  Initial  Report  of  the 
TSCA  Interagency  Testing  Committee  to  the  Administrator.  EPA 
560-10-78/001. 


Page  30 


CRITERION: 


CARCINOGENICITY 


SCORE     CATEGORY 

7      The  chemical  has  been  demonstrated  to  be  a  human 
positive,  potential  human  ,  or  animal  Dositivo 
carcinogen  (defined  below)  by  the  oral  or  dermal 
route  of  exposure  based  on  data  reported  by  the 
International  Agency  for  Research  on  Cancer  (lARC), 
National  Cancer  Institute  (NCI),  or  National 
Institute  for  Occupational  Safety  and  Health  (NIOSH). 

3      The  chemical  has  been  demonstrated  to  be  a  potential 
animal  carcinogen  (defined  below)  by  the  oral  or 
dermal  route  of  exposure. 

2      The  chemical  has  been  demonstrated  to  be  an  animal 

positive  or  potential  animal  carcinogen  by  any  route 
other  than  oral  or  dermal ;  or  has  been  demonstrated 
by  accepted  mutagenicity  screening  tests  or  accepted 
cell  transformation  studies  to  be  a  strongly  suspect 
carcinogen  (defined  below). 

1      The  chemical  has  been  demonstrated  by  accepted  muta- 
genicity tests  or  accepted  cell  transformation  studies 
to  be  a  suspect  carcinogen  (defined  below). 

0      The  chemical  has  been  tested  by  the  above  systems  and 
has  not  been  demonstrated  to  cause  cancer  or  to  be  a 
suspect  carcinogen. 

*      Insufficient  information 


RATIONALE: 

Most  cancers  are  believed  to  be  caused  by  exposure  to  extrinsic  factors, 
among  which  chemical  agents  are  thought  to  be  a  major  contributor.  These 
agents  must  be  identified,  evaluated,  and  controlled  if  the  incidence  of 
cancer  is  to  be  reduced.  An  urgent  and  essential  part  of  the  Michigan 
Critical  Materials  Program  is  the  need  to  protect  the  public  and  environ- 
ment from  chemical  carcinogenic  hazards  and  their  effects.  In  an  effort 
to  meet  this  need,  this  carcinogenicity  criterion  was  developed. 

In  addition  to  the  standard  long-term  carcinogenicity  test,  a  great  deal  of 
research  is  being  conducted  to  develop  rapid  test  methods.  At  present,  there 
are  two  quick  test  systems  that  are  of  most  interest,  the  cell  transformation 
test  and  the  mutagenicity  test.  The  cell  transformation  test  is  based  on  the 
actual  transformation  of  in  vitro   cultures  of  normal  mammalian  cells  into 
tumor  cells  by  brief  exposure  of  these  cell  cultures  to  small  amounts  of 
carcinogenic  agents.  When  the  transformed  cells  are  implanted  into  an  animal 
of  the  species  and  strain  from  which  the  original  normal  cells  were  harvested 
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they  develop  into  malignant  tumors.  The  basis  for  the  mutagenicity  test 
is  the  hypothesis  that  carcinogenesis,  like  mutagenesis,  is  due  to  damage 
of  the  hereditary  material  of  the  cell,  DNA.  The  Ames  test,  which  uses 
certain  mutants  of  the  bacterium  Salrvonella  typhimuriim   is  a  well -known 
example  of  one  of  the  mutagenicity  tests  designed  to  show  carcinogenic 
potential  (Bartsch,  1976;  Fishbein,  1977;  McCann,  et  at.,   1975). 

It  is  essential  that  the  procedures  used  to  determine  a  chemical's 
carcinogenicity  potential  be  established  on  the  best  scientific  basis  as 
practically  possible.  For  the  purpose  of  the  Michigan  Critical  Materials 
Register,  chemicals  are  classified  as  human  positive,  potential  human, 
and  animal  positive  carcinogens  according  to  data  and  interpretation  as 
reported  by  the  lARC,  NCI,  or  NIOSH(IARC;  Sontag,  et  at.,   1976;  Tomatis, 
1976;  USHEW).  Chemicals  are  placed  in  the  other  carcinogenicity  cate- 
gories according  to  the  best  information  available  in  the  scientific 
literature.  Chemicals  can  be  reclassified  to  appropriate  categories  as 
additional  data  become  available. 

For  the  purpose  of  the  Michigan  Critical  Materials  Register,  the  categories 
of  carcinogenic  effects  are  defined  as  follows: 

I.  Human  positive  carcinogens  are  chemicals  which  have  been 
demonstrated  by  epidemiological  and/or  clinical  studies  to 
cause  cancer  in  man. 

II.  Potential  human  carcinogens  are  chemicals  which  are  animal  positive 
carcinogens  and  have  been  suggested  to  cause  cancer  in  man  but  ade- 
quate epidemiological  and/or  clinical  data  are  not  available  at  the 
present  time  to  unequivocally  substantiate  their  carcinogenic 
effect  in  man. 

III.  Animal  positive  carcinogens  are  chemicals  which  have  been  demon- 
strated to  cause  cancer  in  at  least  one  animal  species  in  replicate 
studies  or  demonstrated  to  cause  cancer  in  more  than  one  animal 
species. 

IV.  Potential  animal  carcinogens  are  chemicals  which  have  been  tested 
in  a  nonreplicated  study  and  shown  to  cause  cancer  in  one  animal 
species. 

V.  Strongly  suspect  carcinogens  are  chemicals  which  fit  one  of  the 
following  descriptions: 

1.  The  chemical  has  been  shown,  using  mutagenicity  or  cell 
transformation  tests  (with  or  without  enzyme  activation) 
designed  to  demonstrate  carcinogenic  potential,  to  be 
mutagenic  in  three  groups  of  organisms  (or  cell  cultures 
from  three  groups)  not  to  include  more  than: 

a.  one  lower  test  organism  {i.e.   bacteria,  yeast,  fungi) 

b.  one  plant  test  organism  (including  algae) 

c.  two  species  of  mammalian  test  organisms 

d.  one  insect  test  organism 

e.  one  macroscopic  aquatic  or  semi-aquatic  organism. 
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2.  The  chemical  has  been  shown  to  transform  normal  human  cells 
{e.p.    diploid  fibroblasts)  into  tumor  cells  in  replicated 
tests  designed  to  demonstrate  carcinogenic  potential . 

VI.  Suspect  carcinogens  are  chemicals  which  fit  one  of  the  following 
descriptions: 

1.  The  chemical  has  been  shown,  using  mutagenicity  or  cell 
transformation  tests  (with  or  without  enzyme  activation) 
designed  to  demonstrate  carcinogenic  potential ,  to  be  muta- 
genic in  any  one  organism  (or  cell  culture  from  any  organism). 

2.  The  chemical  has  been  shown  to  transform  normal  human  cells 
{e.g.  diploid  fibroblasts)  into  tumor  cells  in  unreplicated 
tests. 

REFERENCES: 

Bartsch,  H.  1976.  Predictive  value  of  mutagenicity  tests  in  chemical 
carcinogenesis.  Mutation  Research,  .^5:117-190. 

Fishbein,  L.  1977.  Potential  Industrial  Carcinogens  and  Mutagens. 
Prepared  for  the  Office  of  Toxic  Substances,  Environmental 
Protection  Agency,  Washington,  DC.  EPA  560/5-77-005. 

International  Agency  for  Research  on  Cancer.  lARC  Monographs  on  the 
Evaluation  of  Carcinogenic  Risk  of  Chemicals  to  Man,  Lyon,  France. 

McCann,  J.,  Chico,  E.,  Yamasaki ,  E.,  and  Ames,  B.  N.  1975.  Detection 

of  carcinogens  and  mutagens  in  the  SalmoneZZa/microsome  test:  Assay 
of  300  chemicals.  Proc.  Natl.  Acad.  Sci- ,  72:5135-5139. 

Sontag,  J.  M.,  Norbert,  P.  P.,  Saffrotti ,  U.  1976.  Guidelines  for  carcin- 
ogen bioassay  in  small  rodents.  National  Cancer  Institute  Carcino- 
genesis Technical  Report  Series,  No.  1.  U.S.  Department  of  Health, 
Education,  and  Welfare  Publication  No.  (NIH)76-801  . 

Tomatis,  L.  1976.  The  lARC  program  on  the  evaluation  of  carcinogenic  risk 
of  chemicals  to  man.  Ann.  N.  Y.  Acd.  Sci. ,  271:396-409. 

U.S.  Department  of  Health,  Education  and  Welfare.  Bioassay  of  chemical 
substances  for  possible  carcinogenicity.  National  Cancer  Institute, 
Carcinogenesis  Technical  Report  Series. 
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HEREDITARY  MUTAGEN 


CRITERION: 

SCORE     CATEGORY 


7  Confirmed  hereditary  mutagen 

4  Potential  hereditary  mutagen  in  multicellular  organisms 

2  Potential  hereditary  mutagen  in  micro-organisms 

0  Not  demonstrated  to  be  a  hereditary  mutagen 

*  Insufficient  information 


RATIONALE: 


On  a  theoretical  basis,  mutagens  can  produce  significant  effects  on  the  long- 
term  survival  of  any  species.   In  spite  of  this  significant  potential  impact, 
effects  due  to  mutagenic  substances  in  nature  might  not  be  discernible  for  a 
long  time  (deSerres  and  Sheridan,  1973). 

Most  tests  for  mutagenicity  have  been  designed  to  maximize  their  predictive 
value  for  carcinogenicity.  The  present  criterion  has  been  selected  to 
emphasize  mutagenic  effects.  Such  mutagens  represent  a  high  level  of  environ- 
mental and  human  health  concern  and  should  therefore  be  included  in  the 
Critical  Materials  Register  (Canadian  Ministry  o^  Health  and  Welfare,  1975). 

For  the  purpose  of  the  Michigan  Critical  Materials  Register,  the  classification 
of  Hereditary  Mutagens  to  specific  categories  is  defined  below: 

To  be  a  confirmed  hereditary  mutagen,  a  chemical  must  produce  a 
statistically  significant  dose  related  mutagenic  effect  in  test 
microorganisms  without  the  use  of  metabolic  activators  {i.e.    rodent 
liver  fractions,  etc.)   and  in  a  complex  multicellular  animal  {i.e. 
insect,  rodent,  eta.)   with  mutations  inheritable  in  subsequent  gener- 
ations of  the  test  organisms. 

To  be  a  potential  hereditary  mutagen  in  a  multicellular  organism,  a 
chemical  must  produce  a  statistically  significant  dose  related  mutation 
in  a  complex  multicellular  organism  {i.e.    plants,  insects,  rodents,  etc.) 
with  mutations  inheritable  in  subsequent  generations  of  the  test  organism. 

To  be  a  potential  hereditary  mutagen  in  microorganisms  a  chemical  must 
produce  a  statistically  significant  dose  related  mutation  in  exposed 
test  microorganisms  with  mutations  inheritable  in  subsequent  generations. 

A  chemical  is  not  considered  to  be  a  hereditary  mutagen  if  it  has  been 
adequately  tested  in  several  appropriate  animal  species  with  negative 
findings. 


Page  34 


REFERENCES: 

Canadian  Ministry  of  Health  and  Welfare  1975.  The  Testing  of  Chemicals 
for  Carcinogenicity,  Mutagenicity,  and  Teratogenicity.  Ottawa . 

deSerres,  F.  J.,  Sheridan,  W.  (eds.)  1973.  The  evaluation  of  Chemical 
mutagenicity  data  in  relation  to  population  risk.  Environmental 
Health  Perspectives,  Issue  6. 
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TERATOGENICITY 


CRITERION: 

SCORE 

CATEGORY 

7 

Confirmed  Teratogen 

3 

Potential  Teratogen 

0 

Not  Teratogenic 

* 

Insufficient  information 

RATIONALE: 

Since  terrestrial  and  aquatic  populations  are  exposed  to  a  wide  variety  of 
chemicals  in  the  environment  on  a  continuing  or  chronic  basis,  recognition 
and  control  of  teratogens  is  necessary  to  prevent  repetition  of  incidences 
such  as  Minimata  disease  and  the  "thalidomide  disaster".  A  teratogen  is  any 
chemical  which  causes  alterations  in  the  formation  of  cells,  tissues,  and 
organs  resulting  from  physiologic  and  biochemical  changes.  I.e.   generative 
changes.  Teratogenic  change  occurs  during  embryogenesis  and  may  affect  the 
function  as  well  as  the  structure  of  developing  cells,  tissues,  and  organs 
(Becker,  1975;  Canadian  Ministry  of  Health  and  Welfare,  1975). 

A  chemical  is  classified  as  a  confirmed  teratogen  if  it  has  been  shown  by 
epidemiological  evidence  to  be  teratogenic  in  humans,  demonstrated  to  be 
teratogenic  in  two  animal  species  by  the  oral  or  dermal  route  of  exposure 
(USEPA,  1978)  or  demonstrated  in  one  animal  species  in  replicate  studies 
to  be  teratogenic  by  the  oral  or  dermal  route  of  exposure. 

To  be  categorized  as  a  potential  teratogen  the  chemical  must  be  teratogenic 
in  one  animal  species  by  oral  or  dermal  route  in  an  unreplicated  study. 

A  chemical  is  not  considered  to  be  teratogenic  if  it  has  been  adequately 
tested  in  several  appropriate  animal  species  with  negative  findings  (USEPA, 
1978). 

A  confirmed  teratogen  would  be  placed  on  the  CMR  list  automatically.  The 
ranking  system  for  suspect  teratogens  is  more  lenient  to  allow  for  lack  of 
information  and  consideration  of  other  concerns  about  the  chemical.  Should 
conflicting  studies  be  found,  review  of  the  research  procedures  will  be 
made  to  evaluate  the  adequacy  of  the  study  and  validity  of  the  results. 

REFERENCES: 

Becker,  B.  A.  1975.  Teratogens.  \rr.   Toxicology-The  Basic  Science  of 

Poisons.  Edited  by  L.  J.  Casarett  and  J.  Doull .  MacMillan  Publishing 
Company,  Inc.  New  York,  pp  768. 
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U.S.  Environmental  Protection  Agency.  1978.   Initial  Report  of  the  TSCA 
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PERSISTENCE 


CRITERION: 

SCORE 

CATEGORY 

t  1/2  in  weeks 
(soil  or  water) 

4 

Very  persistent 

>  52 

3 

Persistent 

40  -  52 

2 

Slowly  degradable 

27  -  39 

1 

Moderately  degradable 

14  -  26 

0 

Readily  degradable 

0  -  13 

• 

Insufficient  information 

RATIONALE: 

A  major  factor  for  assessing  the  potential  hazard  of  an  environmental 
contaminant  is  consideration  of  its  environmental  persistence.  Many 
synthetic  compounds  are  highly  resistant  to  natural  degradation  processes 
{i.e.   biodegradation,  photochemical  degradation,  chemical  degradation)  and 
may  persist  and  accumulate  in  the  environment.  Continuous  exposures  to 
some  substances,  even  at  low  concentrations,  may  result  in  chronic  toxic 
effects  on  organisms  and  cumulative  effects  on  populations.  In  addition, 
the  longer  a  substance  persists,  the  greater  the  opportunity  for  it  to 
bioaccumulate  to  toxic  levels  in  organisms.  Of  equal  importance,  persistent 
substances  also  have  the  potential  for  wider  dispersal  in  the  environment. 

Several  techniques  for  studying  persistence  and  degradation  of  chemical 
substances  in  the  environment  are  reported  in  the  literature  (Draggan  and 
Giddings,  1978;  Howard,  et  al.  ,   1975;  U.S. EPA,  1979;  U.S. EPA,  1978;  U.S. EPA, 
1975;  Witherspoon,  et  at.,   1976).  The  design  of  experimental  procedures 
for  environmental  persistence  testing  is  often  made  on  an  individual  chemical 
basis  and  is  extremely  variable.  In  contrast  to  many  toxicity  testing 
methods,  techniques  for  studying  the  fate  of  chemicals  in  the  environment 
are  not  standardized  and  interpretation  of  test  results  frequently  varies. 
This  makes  it  difficult  to  compare  persistence  data  between  chemicals. 

Due  to  the  lack  of  standardization  among  test  protocols,  only  data  obtained 
from  test  systems  designed  to  closely  simulate  the  natural  soil  or  water 
environment  are  used  for  the  persistence  hazard  assessment.  Test  systems 
are  evaluated  by  DNR  staff  and  the  Critical  Materials  Advisory  Committee. 
Data  in  the  form  of  the  half-life  (t  1/2)  of  the  chemicals  in  soil. or 
water  are  used  in  order  to  allow  for  comparison  between  chemicals. 

Time  ranges  for  each  category  of  persistence  were  selected  based  on  data  for 
pesticides.  The  very  persistent  category  (t  1/2  >  52  weeks)  includes  many 
of  the  chlorinated  hydrocarbon  insecticides  {e.q.    DDT,  aldrin,  lindane)  while 
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the  readily  degradable  category  (t  1/2  =  0-13  weeks)  includes  many  of  the 
organophosphorus  insecticides  {c:.g.    dichlorvos,  disulfoton,  malathion) 
(Brown,  1978).   It  must  be  emphasized  that  the  environmental  persistence 
criterion  was  developed  on  information  currently  available.  The  criterion 
will  be  modified  as  new  information  and  testing  methodologies  become  available, 
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BIOACCUMULATION 


CRITERION: 

CATEGORY 
SCORE  BIOACCUMULATION  LOG  P 

7                >_   4000  ^6.00 

3              1000  -  3999  5.00  -  5.99 

2                700  -  999  4.50-4.99 

1                300  -  699  4.00  -  4.49 

0                 <  300  <  4.00 

*  Insufficient  information 

RATIONALE: 

Partition  coefficients  for  n-octanol /water  are  often  used  as  a  reliable 
measure  of  the  tendency  for  an  organic  compound  to  transfer  from  water  to 
organisms  (lipid  phase)  and  bioaccumulate.  The  n-octanol /water  partition 
coefficient,  P,  is  defined  as  the  ratio  of  the  concentration  of  a  compound 
in  octanol  to  its  concentration  in  water.  It  is  generally  expressed  as  the 
log  (base  10)  of  the  partition  coefficient,  log  P.  The  partition 
coefficient  has  proven  useful  as  a  means  of  predicting  soil  adsorption 
(Briags, 1973) ,  biological  update  (Kenaga,  1972;  Hamelink,  et  ai.,   1977), 
lipophilic  storage  (Davies,  et  ai . ,   1975),  and  biomagnification  (Lu,  et  ai., 
1975;  Metcalf,  et  ai.,   1973;  Metcalf,  et  ai.,  1975;  Neely,  et  ai . ,   1974). 
These  studies  have  shown  a  direct  relationship  between  log  P  values  and  log 
bioconcentration  factors  for  organic  compounds. 

Highly  bioaccumulati ve  compounds  have  log  P  values  greater  than  5.0.  Examples 
of  these  include  DDT;  DDE;  2,4,5,2' ,5'-PCB;  2,4,5,2' ,4' ,5'-PCB ;  and  leptophos 
with  log  P  values  of  6.19,  5.69,  6.11,  6.72,  and  6.31,  respectively  (Chiou, 
et  ai . ,   1977).  Compounds  which  bioaccumulate  to  a  lesser  degree,  such  as 
monochlorobenzene,  tetrachloroethylene,  dicapthon,  and  diphenyl  ether  have 
log  P  values  of  2.18,  2.60,  3.58,  and  4.20  respectively  (Chiou,  et  ai.,   1977; 
Ware,  et  ai. ,  1977). 

Log  P  values  greater  than  6.0  must  be  interpreted  carefully  before  being 
utilized  as  a  bioaccumulation  indicator.  An  increase  in  the  log  P  value 
correlates  with  increased  propensity  for  bioaccumulation  for  many  classes 
of  chemicals.  However,  for  certain  groups  of  chemicals,  large  log  P  values 
(i.e.  greater  than  6.0)  do  not  correlate  to  an  increased  tendency  to  bioaccumulate 
(Tulp  and  Hutzinger,  1978).  For  example,  apolar  polymers  (such  as  plastics) 
have  computed  log  P  values  that  are  very  large,  yet  they  are  not  bioaccumu- 
lated.  Squalene,  an  isoprenoid  hydrocarbon,  is  excreted  quantitatively 
in  the  feces  of  rats  after  an  oral  dosage.  The  compound  is  not  absorbed 
from  the  intestine,  yet  its  computed  log  P  value  is  15.5.  Additionally,  some 
chemicals  having  large  log  P  values  are  readily  metabolized  and  not 
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biodccumulated.  An  organic  chemical  that  has  a  log  P  greater  than  or 
equal  to  6.0  must  have  the  potential  to  bioaccumulate  before  it  receives 
a  score  of  seven  points. 

An  organic  chemical  that  has  a  log  P  greater  than  or  equal  to  6.0,  which 
has  the  potential  to  bioaccumulate,  and  for  which  no  data  on  bioaccumulation 
in  fish  is  available;  or  a  chemical  that  bioaccumulates  greater  than  or 
equal  to  4,000  times  in  fish  (wet  weight  basis)  at  equilibrium  will  receive 
a  score  of  seven  points  for  the  bioaccumulation  category. 

A  chemical  that  has  a  log  P  less  than  6.0,  which  has  the  potential  to  bioac- 
cumulate and  for  which  no  data  on  bioaccumulation  in  fish  is  available; 
or  a  chemical  that  bioaccumulates  less  than  4,000  times  in  fish  (wet  weight 
basis)  at  equilibrium  will  be  scored  as  listed  above. 
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OTHER  ADVERSE  EFFECTS 


The  Other  Adverse  Effects  factor  is  divided  into  three  subfactors  for 
the  purpose  of  evaluating  the  available  data  and  assigning  points.  Each 
subfactor  is  assigned  an  individual  score.  The  score  assigned  to  the 
Other  Adverse  Effects  factor  is  the  combined  scores  of  the  three  individual 
subfactors.  Other  Adverse  Effects  on  terrestrial  animals  and  aquatic 
organisms  are  considered  in  a  single  subfactor  to  be  consistent  with  the 
acute  toxicity  criterion.  The  score  assigned  to  this  subfactor  is  the 
highest  score  given  to  any  individual  category.  For  example,  a  chemical 
substance  which  causes  irreversible  effects  to  mammals  at  a  very  low  dose 
and  has  an  aquatic  median  effective  concentration  of  1  mg/1  is  assigned  a 
score  of  seven  based  on  the  toxicity  to  mammals. 

A.  TERRESTRIAL  ANIMALS  AND  AQUATIC  ORGANISMS 

1.   TERRESTRIAL  ANIMALS 


CRITERION: 
SCORE 
7 

3 

2 

1 
0 


CATEGORY 

Produces  an  irreversible  effect  at  a  very  low  dose 
(i.e.  <0.5  mg/kg)  by  oral  or  dermal  routes 

Irreversible  effects  during  or  following  cessation  of 
low  level  exposure  by  oral  or  dermal  routes 

Reversible  effects  following  cessation  of  low  level 
exposure  by  oral  or  dermal  routes 

Adverse  effects  by  inhalation  route 

No  detectable  adverse  effects 

Insufficient   infomation 


RATIONALE: 

Environmental  dispersion  and  dilution  of  deleterious  chemicals  may 
present  adverse  biological  impacts  at  concentrations  other  than 
those  necessary  to  cause  death  of  50"  of  observed  populations.  Pro- 
longed exposure  or  sublethal  adverse  effects  must  be  addressed  since 
these  doses  present  the  predominant  environmental  contamination 
circumstances.  These  lower  dosage  levels  may  produce  reversible 
or  irreversible  effects.  Reversible  and  irreversible  effects  in 
most  cases  are  dose  dependent.  Lower  level  doses  may  produce 
reversible  effects,  whereas  higher  doses  of  the  same  chemical  may 
cause  irreversible  effects  (McRae,  et  ai ,   1978.  Except  for  the 
extremely  low  dose  category  receiving  7  points,  exact  numerical 
exposure  cut-off  points  have  not  been  included  in  order  to  allow 
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flexibility  in  evaluating  what  concentrations  could  realistically 
occur  in  the  environment  and  judgement  of  the  applicability  and 
validity  of  the  data  reviewed.  For  the  sake  of  the  Critical 
Materials  Program  the  following  definitions  apply. 

Irreversible  Adverse  Effects  (Casarett  and  Doull,  1975;  Robbins  and 
Angell,  1971):  Continued  or  intermittent,  oral,  or  dermal  (including 
occular)  exposure  that  results  in  irreversible   impairment  of 
anatomical,  physiological,  biochemical,  or  behavioral  functions  during 
exposure  or  following  cessation  of  exposure.  Examples  would  include 
but  not  be  1 imited  to: 

Benign  neoplasias 

Induced  autoimmunity 

Embryo  or  fetal  mortality 

Hypersensitivity 

Metabolic  disorders  {i.e.   hyper/hypoglycemia,  hypo/hyperthyroidism) 

Cellular  necrosis  causing  permanent  reduction  of  normal  system, 
organ,  or  tissue  structure  and/or  function  resulting  in  such 
disorders  or  damage  as: 

cataracts  aplastic  anemia 

glaucoma  retinal  degeneration 

glomerulonephritis  renal  failure 

hepatic  failure  cirrhosis 

arteriosclerosis  neuronal  degeneration  (demylenation) 

sterility  from  testicular  or  ovarian  atrophy,  such  as  germinal 
aplasia  leading  to  aspermia  or  azoospermia 

NOTE:  Carcinogenic,  mutagenic,  and  teratogenic  effects  are  excluded 
from  this  criterion  since  they  have  been  addressed  in  their  individual 
criteria. 

Reversible  Adverse  Effects  (Casarett  and  Doull,  1975;  Robbins  and 
Angell ,  1971 ) :  Continued  or  intermittent,  oral,  or  dermal  (including 
occular)  exposure  that  results  in  reversible   impairment  of  functional 
capacity,  however,  enhances  the  susceptibility  of  organisms  to 
other  deleterious  environmental  effects.  Examples  would  include  but 
not  be  1 imited  to: 

Cellular  lipid,  carbohydrate,  or  protein  infiltration  not  resulting 
in  cell  death; 

Enzyme  or  hormone  inhibition,  {i.e.   antiestrogenic  properties, 
acetylcholinesterase  inhibition); 
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Inflammation,  and  cellular  necrosis  followed  by  normal  structure 
and/or  function  regeneration  such  as  possible  from: 


hemolytic  anemia 

bone  marrow  suppression 

vitamin  deficiencies 

thrombocytopenia 

methemog 1  obi  nemi  a 

skin  or  eye  irritation 
(erythema  and/or  edema] 


retinal  hemmorhage 

renal  tubular  necrosis 

agranulocytosis 

cerebral  edema 

narcosis 

peripheral  neuropathy 


NOTE:  A  category  for  adverse  effects  caused  by  inhalation  has 
been  included  to  give  credit  to  research  which  may  indicate 
potential  adverse  effects  that  may  be  derived  from  other  environ- 
mental exposure. 

Besides  dosage  level,  evaluation  of  environmental  toxicity  data 
must  address  two  additional  considerations:  routes  and  duration 
of  exposure.  The  most  conmon  exposure  to  terrestrial  environmental 
contaminants  by  the  water  route  would  be  skin  or  eye  contact 
and  ingestion.  Sublethal  skin  and  eye  contact  may  elicit  irritation, 
contact  sensitization,  ulceration,  photosensitivity,  pigmentary 
changes,  nodules,  vesicles,  tumors,  and  a  potential  for  absorption 
leading  to  systemic  toxicity  (NAS,  1975). 

Skin  and  eye  damage  assessments  can  be  made  with  available  testing 
methods.  There  are  currently  five  types  of  primary  skin  irritation 
tests  available.  Two  tests  are  of  Haskell  Laboratory  design  and  the 
other  three  tests  are  procedures  from  federal  regulations:  the  Federal 
Hazardous  Substances  Act  and  the  Department  of  Transportation  Class  B 
poison  and  skin  corrosion  tests.  The  tests  are  designed  to  indicate 
localized  reaction  potential  and  range  from  minor  erythema  through  edema 
to  corrosive  damage  indicated  by  necrosis.  Two  common  eye  tests  are 
available:  The  Haskell  Eye  Irritation  Test  and  the  Federal  Hazardous 
Substances  Act  eye  irritation  tests. 

Duration  of  exposure  is  the  other  major  consideration  in  reviewing  adverse 
effects  data.  Acute  studies  which  signify  a  single  exposure  recorded 
as  death  or  no  death,  have  been  addressed  in  the  acute  toxicity  section. 
Other  exposures  may  be  classified  as  prolonged  or  chronic.  For  this 
assessment  model,  prolonged  studies  consist  of  repeated  exposures  to  a 
substance  which  may  last  up  to  90  days.  These  studies,  often  referred  to 
as  subacute,  generally  use  a  fraction  of  the  dose  found  to  produce  lethality 
in  an  acute  study.  A  prolonged  study  is  designed  to  show  cumulative  toxic 
effects  from  relatively  low  level  exposures.  Such  exposures  may  simulate 
environmental  contact  to  toxicants  from  accidental  spills  of  hazardous 
substances,  pesticide  applications,  air  pollution  incidents,  occupational 
exposures,  or  other  types  of  incidents  where  effects  may  be  graded  as 
changes  in  biological  parameters  rather  than  an  all  or  none  response 
observed  in  acute  studies. 
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Chronic  studies,  for  this  hazard  assessment,  consist  of  repeated 
exposure  to  a  substance  for  longer  than  90  days  and  may  last  the 
lifetime  of  the  experimental  animals.  These  studies  are  designed 
to  simulate  low  level  environmental  exposure  over  the  lifetime  of 
the  test  organism.  Results  are  expressed  in  biological  effect 
measurements  similarly  to  those  for  a  prolonged  study  (McRae, 
et  al.,   1978). 

Data  on  lethal  effects  resulting  from  acute,  prolonged  and  chronic 
exposures  are  scored  independently.  However,  only  the  single 
highest  score  based  on  lethal  effects  will  be  counted  in  the  over- 
all hazard  assessment  score,  unless  it  can  be  established  that 
the  causes  of  the  acute,  prolonged  and  chronic  lethal  effects  differ 
toxicologically. 

AQUATIC  ORGANISMS 

CRITERION: 

SCORE     MEDIAN  EFFECTIVE  CONCENTRATION  (EC-50) 

7  <  0.1  mg/1 

3  0.1-1  mg/1 

2  >  1  -  10  mg/1 

1  >  10  -  100  mg/1 

0  >  100  mg/1 

*      Insufficient  information 
RATIONALE: 

In  addition  to  basic  acute  toxicity  tests  [i.e.   48-hr  (invertebrates), 
96-hr  (fish)],  toxicity  studies  measuring  effects  of  chemical  exposure 
on  the  reproductive  process  and  other  sublethal  effects  {i.e.   chronic 
tests)  are  essential  to  a  comprehensive  hazard  assessment  program. 
There  are  basically  two  types  of  chronic  toxicity  tests,  partial  and 
full.  A  partial  chronic  toxicity  test  is  one  which  includes  a  criti- 
cal portion  of  a  test  organism's  life  cycle  while  a  full  chronic 
test  will  minimally  include  one  complete  life  cycle.  Full  life 
cycle  and  partial  life  cycle  tests  with  fish  and  invertebrates  have 
become  quite  corrmon  and  typically  provide  lethality  and  growth 
results  as  well  as  effects  on  reproduction  {e.g.   spawning,  gameto- 
genesis,  and  hatching  success)  and  other  sublethal  responses 
during  the  course  of  testing  (Brungs  and  Mount,  1978).  A  description 
of  seven  standard  chronic  toxicity  tests  follows: 

a.  Fish  Full  Life  Cycle  Test  (U.S.  EPA,  1972a). 

This  test  allows  exposure  from  newly  hatched  fry  through  repro- 
duction and  exposure  of  the  next  generation.   It  provides 
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exposure  during  sensitive  developmental  stages  and  assesses  the 
growth  and  the  reproductive  processes.  A  common  standard 
test  organism  is  the  fathead  minnow  {pimephaies  promeias)   and 
the  test  takes  approximately  nine  months  to  complete. 

b.  Fish  Critical  Life  Stage  Exposure  Test  (Macek  and  Sleight,  1977; 
McKim,  1977). 

This  test  allows  exposure  during  a  very  sensitive  stage  of  the  life 
cycle.  The  test  starts  with  exposure  of  the  organisms  during 
most,  preferably  all,  of  the  embryonic  period  and  exposure  of 
fry  for  a  period  of  30  days  after  hatching  for  warm  water  fish 
with  embryogenic  periods  ranging  from  1  to  14  days,  and  for  60 
days  after  hatching  for  fishes  with  longer  embryogenic  periods 
(e.g.  salmonids).  Eggs  from  the  standard  test  organisms, 
commonly  fathead  minnows  (p.  promeias),   rainbow  trout  {saimo 
gairdneri) ,    Or  bluegill  (Lepomis   macrochirus) ,    are  utilized 
in  this  test.  Each  test  requires  approximately  five  to  ten 
weeks  for  completion. 

c.  Partial  Life  Cycle  (U.S.  EPA,  1972b). 

This  test  generally  parallels  the  Fish  Critical  Life  Stage 
Exposure  Test  described  earlier,  but  makes  appropriate  modifi- 
cations in  exposure  conditions  because  of  the  species  and 
also  starts  with  juvenile  fish.  The  most  common  test  organism 
for  these  studies  is  the  brook  trout  {saiveiinus  fontinaiis) . 

d.  Daphnia  Chronic  (Biesinger  and  Christensen,  1972;  Biesinger, 
1974;  Adema,  1978;  Canton  and  Adema,  1978). 

This  test  is  a  full  life  cycle  reproductive  test  which  utilizes 
the  freshwater  invertebrates,  Daphnia  magma   and  d.  puiex.     The 
test  requires  only  three  weeks  to  complete. 

e.  Midge  Chronic  (Cairns,  et   ai.,1978). 

This  full  life  cycle  reproductive  test  utilizes  a  variety  of 
species  of  these  widely  distributed  genera  {e.g.   Chironomus). 
Benthic  organisms  are  easy  to  culture  and  use  in  an  extensive 
program  for  evaluating  compounds  of  limited  solubility  or  those 
that  tend  to  accumulate  in  sediments. 

f.  Algal  Toxicity  Tests  (U.S.  EPA,  1974,  U.S.  EPA,  1971). 

A  variety  of  tests  have  been  developed  which  utilize  algae  as  test 
organisms.  Although  algal  tests  are  sufficiently  short  that  they  can 
be  considered  acute  tests,  most  are  in  part  multigeneration  repro- 
ductive tests.  No  single  published  procedure  for  algal  toxicity 
testing  has  gained  wide  acceptance,  but  recent  candidates  are 
usually  patterned  after  the  EPA  Algal  Assay  Procedure  (Bottle  Test) 
developed  to  test  for  algal  growth  potential  and  limiting 
nutrient  effects. 
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g.  Lemna   Inhibition  (U.S.  EPA,  1978). 

The  duckweed,  Lemna  minor   has  been  used  as  a  test  organism 
for  assessing  the  effects  of  chemical  substances  on  aquatic 
macrophytes. 

Aquatic  chronic  toxicity  data  from  these  tests  will  be  scored 
based  on  the  median  effective  concentration.  For  the  purpose 
of  the  Michigan  Critical  Materials  Register  the  median  effective 
concentration  (EC-50)  is  defined  as  the  concentration  of  a  test 
material  that  causes  50  percent  reduction  of  survival,  growth,  or 
reproduction  of  a  test  population,  when  statistically  compared  to 
a  control  population,  within  a  chronic  test  period. 


B.  PLANT 


CRITERK 
SCORE 

)N: 

WATER 

3 

<  0.5  mg/1 

2 

0.5  -  5  mg/1 

1 

>  5  -  50  mg/1 

0 

>  50  mg/1 

* 

Insufficient  information 

RATIONALE: 

Concern  for  plant  toxicity  is  partially  due  to  the  adverse  impact  of 
water  contaminants.  Contaminated  irrigation  waters  may  have  signifi- 
cant deleterious  effects  on  both  commercial  and  domestic  plant  growth. 
While  it  appears  no  standard  testing  procedures  for  terrestrial  phyto- 
toxicity  have  been  published,  data,  and  testing  methodologies  are 
available  in  literature  (McKee  and  Wolf,  1963). 

Battelle  Pacific  Northwest  Laboratories  describe  a  level  of  plant 
damage  by  use  of  a  "mean  inhibitory  limit"  or  ILm.  This  is  defined 
as  the  concentration  at  which  50%  of  the  biomass,  cell  count,  or 
photosynthetic  activity  is  reduced  as  compared  with  a  control  over  a 
14  day  period.  For  the  sake  of  this  assessment  process,  the  Battelle 
definition  will  apply.  A  material  Is  categorized  as  phytotoxic 
to  terrestrial  plants  if  the  "mean  inhibitory  limit"  is  ^  50  mg/1 
(Battelle,  1973). 

For  terrestrial  plants,  photosynthetic  activity  measurements  are  based 
on  carbon  dioxide  exchange  between  the  plant  and  its  environment.  The 
absolute  CO^  exchanges  are  calculated  by  the  difference  in  CO^  concen- 
tration in  incoming  and  outgoing  air.  The  air  exchange  rate  Ts  given 
as  the  amount  of  CO^  per  square  area  of  leaf  multiplied  by  the  unit  of 
time  measured  (Mudd  and  Kozlowski,  1975). 
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Guderian  (1977)  describes  several  additional  methods  of  damage 
evaluation. 

1.  Changes  in  growth,  yield,  and  plant  quality 

2.  Effects  on  seed  quality  and  reproduction 

3.  Degree  of  foliar  injury 

The  degree  of  foliar  injury  is  measured  by  percent  of  necrotic  area. 
Injury  is  scaled  from  very  slight  necrosis  or  chlorosis  to  extreme 
damage  noted  as  very  severe  necrosis  or  chlorosis. 

Due  to  the  variability  of  methodologies  and  lack  of  standard  testing 
methods,  phytotoxicity  data  will  be  reviewed  for  completeness, 
testing  approach  and  damage  as  evaluated  by  the  researcher. 

C.  AESTHETICS 

CRITERION: 

Estimated  threshold  level  in  Foaming  properties  and/or 

water(mg/l )producing  tainting  produces  floating  film  and/ 

of  fish  and/or  taste  &  odor  or  imparts  major  color  change 

SCORE to  water 

1  ^0.001  Yes 

0  >  0.001  No 

RATIONALE: 

Wastewater  treatment  plant  discharges  and  industrial  process  waste 
effluent  may  contain  organic  compounds  which  can  impart  objectionable 
taste,  odor,  or  color  to  fish  and  other  aquatic  organisms.  Usually, 
these  offending  materials  can  cause  tainting  at  levels  lower  than 
those  recognized  as  causing  toxic  effects  (U.S. EPA,  1973). 

The  levels  indicated  in  the  criterion  represent  the  extreme  end  of  the 
level  of  detectabil ity.  Compounds  such  as  chlorophenols,  which  taint 
fish  at  wery   low  concentrations  or  impart  an  undesirable  taste  to 
drinking  water  would  be  included  (Lillard  and  Powers,  1975).  Objection- 
able properties  are  difficult  to  quantify  since  these  adverse  conditions 
are   subjectively  determined.  Scoring  is  therefore  low  to  give  greater 
weight  to  adverse  biological  effects  according  to  the  philosophy  of 
this  register. 

REFERENCES: 
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SUMMARY  OF  HAZARD  ASSESSMENT  SHEETS 

The  1980  CMR  contains  a  total  of  250  chemicals  or  classes  of  chemicals 
(Table  14).  These  include  inorganic  and  organic  industrial  materials; 
pesticides;  and  pharmaceuticals,  food  additives  and  natural  materials. 
The  accompanying  hazard  assessment  summaries  (Table  15)  indicate  the  numerical 
scores  assigned  by  hazard  factor  overview  of  major  areas  of  concern  and  the 
total  cumulative  score  for  each  chemical  on  the  CMR.  Hazard  factors  receiving 
asterisks  had  insufficient  data  available  to  adequately  assign  a  numerical 
score.  As  additional  information  becomes  available,  numerical  scores  will 
be  assigned  to  these  factors.  Priorities  for  further  review  of  chemicals  on 
the  CMR  and  those  chemicals  which  did  not  meet  the  criteria  will  be  based 
on  the  number  0^  asterisks  received.  Top  priority  will  be  assigned  to  those 
chemical  compounds  receiving  the  most  asterisks. 

Complete  chemical  evaluations  with  data  on  the  chemical,  physical,  and 
toxicological  properties  of  each  Critical  Material,  as  well  as  a  list  of 
references  utilized  for  this  hazard  assessment  are  available  upon  request 
from  the  Office  of  Toxic  Materials  Control.  Completed  Hazard  Assessment 
Sheets  for  each  material  reviewed  for  possible  inclusion  on  the  CMR  are  also 
available  upon  request. 
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Michigan  Water  Resources  Commission 

CRITICAL  MATERIALS   REGISTER 

Published  October  1,  1930 


V.'i'.h  the  exception  o'  critical  material  classes  (where  all  compounds  of  the  material  are  to  be  reported)  the 
parameter  number  assigned  each  Critical  Material  is  from  the  Chemical  Abstract  Service  "Registry  Handbook." 
Additional  intormation  concerning  the  Critical  Materials  Program  and  the  individual  materials  may  be  obtained 
by  writing- 
Critical  Materials  Program 
Oflice  of  Toxic  Materials  Control 
Environmental  Services  Division 
Michigan  DNR 
P.O.  Box  30028 
Lansing.  Michigan  48909 


lno'3«nic  Va!e'ials 

A_      The   loHo-ving   incganic    malerials   and  all  their  com- 
pounii  aie  lo  be  reporte<J. 

Pa'ameler 
Number 

aniir-.ony   Ciass-01-0 

arsenic   Class-OI-l 

beryllium   CI&SS-01-2 

c."^'nium  Class-01-3 

c^rc-murr.    C'ass-OI-S 

cowji;     Class-01-6 

coi'ptr   ClBss-01-7 

cyan.(1<-s    Cla«s-01-6 

hy;.ochlori'e   Class01-4 

le.=d ClassOl-9 


Piian»«ler 
Number 

lithium    Cla$«-02-0 

mercury  Class-02-1 

nickel  Class-02-2 

selenium   Clzsv02-3 

silver  Cla$s-02-4 

zinc  Cless-02-7 

Trie   following   specific    inorganic   materials  are   lo   t>« 
reported  (do  not  report  compounds). 

chloramines  Clas50a-6 

Chlonne    07762- 50-5 

hydrazine     00302-Ot-2 

hydrogen  sulfide    07783-06-4 


OfQ'.nic  Materials 

Parameter 

Number 

acotone  cyanohydrin    00075-66-5 

?-.'CPtyUminoflitorene    00053-96-3 

acfole.n    O01C7-02B 

acrylic  acid    00079-10-7 

aciylonilrile     00107-13-1 

ally!  chloride    00107-05-1 

•  J-aTiino.inihraQuinoiie   00117-79-3 

am  nos'obenzene    00060-C9-3 

•  o  aminea/ofoluene    00097-56-3 

4-afT.,notiphenyl   00092-67-1 

•  3  a-nmo-g-eihylcarbazole  OC; 32-32-1 

•  l-arnino-2-rr:ethy;anlhr3qu.none    OiJCi32-?80 

eminclriaiole  (jmitrole) 00061-62  5 

in.ti.-ie    00062-53-3 

•  anine  hydrochloride    OOMZ-O-i-l 

o  .-ir  s.dine    00G9O-04-0 

•  o  ar.isidine  hydfochlo'ide   00134-20  2 

beii;{aj3iilhfacene   00056-55-3 

ber.7ena  00071-43-2 

benzidine    00092-87-5 

benzidine  salts   Ciass-C8-7 

benzo;8)pyfene    00050-32-8 

bruc.re    00357-57-3 

CA'bon  tet'flcnioride   00056-23  5 

cnit''Ti.i:pd  diDenzofurans    Class-OS  3 

chlonnaled  diOMins   Class-05-4 

l-chloro-2  3-epo«ypropan»    00106-69-8 

bis(?-chlofoelhyl)ether    00111-44-4 

chi3rc;orm    00067-66-3 

bis;2-chio'omeihyi)eiher    0C542-6S-1 

3  tcMofoTielhyOpyridine 

hyO'ochloiide    06959-46-4 

l-(4-chlofoph»oyl)-3. 

3  c  ncthyl  ti  3.ene    07^03-9^9 

•  4.<:h!oro  m-p*i.rylen»ei2mine    05i3l-tO-2 

•  4-cnin-c  o  pheylenedijmine    OOO'JS  83  0 

ihl'.foprcne    001. ''6-91  B 

'  5  cMjrootcluidine   OC^^j  79  4 

inO'Cales  now  cn'ical  ma1i.Tic«l 


Parameter 
Number 

'  p-cresidine    00120-71-8 

'  2.4-diam.ncan;sole  sulfate    39156-41-7 

'  4.4 -diaminodiphenyl  ether 00101-80-4 

'  2  4  daminololuene 00095-80-7 

diben7(a.h)anihracene    OO053-7O-3 

1fis(diBfomopropyl)phosphate    00126-72-7 

Oin-buiyl  phthauie  00054-74-2 

3  3-dichlorobenjidinB     00091-94-1 

3.3 -dichlo'0t>en2id.ne  salts    Class-0&-8 

1.2-dichlo'Oelhane   00107-06-2 

1.2  3.4-diepo«ybutan» 002&8-1&-0 

'  diethyl  suiiale   00064-67-5 

4-dimelh>iaminoazot)eniene    00060-11-7 

Oimeihylhydiazines    Ciass-06-2 

4.6-dinitro-CHCresol 00534-52-1 

2.4  dinitropnenol     00051-28-5 

2,4-dinilrotoluene   00121-14-2 

di-rt-octyl  phihalate  001 1 7-84-0 

'  1.4-dioxan» 00123-91-1 

2.3-epoxy-1-propanal 00765-34-4 

ethylene  dibromide  00106-93-4 

ethylene. mine    00151-56-* 

'  ethylene  oxide    00075-21-8 

ethylene  Ihiourta   OO0S6-45-7 

biS(2-ethyihe»yl!Phlhal»t9    00117-61-7 

ethylmeth^nesuHonate    00062-50^) 

'  2-(2-lofmyihydri:ino)-4-(5-nitro-2-luiyl)- 

Ihiitole    03570-75-0 

hexachlorotenzene  (MCB)    00118-74-1 

heiachlorobuladiene       '. 00067-60-3 

hexachlo'OCydoheiane    006-08  73-1 

heiachloiocyciopenudene    00077-47-4 

he«achlori)eih«ne    00067-72  1 

hydrazobenjene    00122  66  7 

hydroquincne     00123  31-9 

N-(2-hyd'C>yeIhyl)ethyleneimine   01072  57  2 

laclonitfile 00078-9/-7 

maUchie  g>een   00!>^>64  2 
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Organic  Watdnals  (continued) 

rT>»:hylenebis(2  chlo<oanilin»)     00101   l*-* 

•  4,< -m«thyi»n»b.s(2  m»l^ylanlllne)    00838-68-0 

•  4.4 -mslhylenBBisfN.N-OimeiriyUniiine)    0010I-611 

1.2(mein»l«n»dioxy)-4-propenyl 

benjene    00I2O-58-1 

methyl  hydrazine    00060-34-4 

1-m«Ihylniphltia!ene  00090-12  0 

•  2-<nettty(-l-nilfoantnraquinon»  00129-15-7 

•  mustard  gas    OOSOS-60-2 

•  1  ^naphlhalenediamlns  02243-62-1 

1-Mpt)lt>ylamme   00134-32-7 

2-naphth»Umine  00091-59-8 

•  5-n'lro»cen»phlhen»  00602-B7-9 

•  5-nitro-o-jnisidine    00099-59-2 

4-flitrx>b<ptw>yl    00092-93-3 

•  nitrogan  mustard  00051-75-2 

•  N-nitroK>-f>-butyl-N-<*-hyd''oxybutYl) 

»min»  03817-11-6 

N-nitro»odielhyl»m.ne   00055-18-5 

N-«Htro»odimelhylamin«   0O062-75-9 

•  p-nitrosodiphenylamino   0015&-10-5 

•  N-nitroM>-N-«tt<ylurea    00759-73-9 

•  N-nitro«o-N-4n«thylur«a      00684-93-5 

•  N-nitroio-N-ni«thylurelfiane    00615-53-2 

•  K-nitfo»om«thylvinylamine    04549-4O-0 

•  N-nitrosomorpholine   00059-89-2 

•  N-nilroso-N-phenylnydroxylamtne. 

ammonium  salt 00135-20-6 


•  Nn.lroiosaicoiT* 132;&-2?-9 

pentacnlO'onitrob*nz»nB  OO092  58-8 

penijctiloroptienol 0337-3C-S 

perokyacelic  acid     nO079-21  0 

•  pipofonyl  sulfoxide    0O123-62-7 

polybrominated  fciphenyls  (PBB)    Ciais-O' 8 

polychlonnaled  biphenyls  (PCB)    Ciass07-9 

1.3-propan«  sulton#    01120-71-4 

Ppropiolaclona    00057-57-8 

•  5-ptopyl-l.3-benzodioxol»  00094-58-6 

propyleneimine   00075-55-8 

semicarbazide   00057-56-7 

styrene   00100-42-5 

•elrachloroethylen* 

(perchlofoelhylane)    00127-18-4 

•  thioacetamide    00052-55-5 

•  4.4-lh.odianiline  00139-65-1 

thiourea  00062-56-6 

•  o-toluidins    00095-53-4 

•  o-toluidine  hydrochloride    00636-21-5 

triaryl  phosphate  esters    Class -06  4 

1.1.2  irichlofoethane   00079-00-5 

trichloroelhylene    00079-01  C 

trichlorophenols   Clais07-6 

•  2.4.5-lrimethylaniline   00137-17  7 

•  trimethylphosphate    00512-56-1 

•xylene     01330-20-7 


III      Pesticides    (to    be    reported    only    by    manufacturers    and  lormulalors) 


aldica'b    

•Idnn  

4-aminopyridine  

•nilazine  

aotimycin  A    

«iinphos-ethyl    

azinphos-methyl    

barban    

bendiocarb   

benomyl      

bromoxynil     

'  2(p-*ert-butylphenoxy>- 
i»opropyl-2-chloro«thyl 

•ullite    

'  captatol    

capta.-i  

carbaryl     

carboluran   

carbophenothion  

chlordane     

chlordecone    

Chlorlenvtnphos  

chlorobeniilate    

Chlorpynlos   

Clonitralid     

coumaphos   

croloxyphos    

cycloheximide     

DOT    

demeton  

diallate   

diazinon   


Parameter 
Num&tr 

00116-06-3 
00309-00-2 
00504-2A-5 
00101-05-3 
01397-94-0 
02642-71-9 
00086-50-0 
00101-27-9 
22781-23-3 
1 7804-35-2 
01689-84-5 


00140-57-8 
02425-06-1 
00133-06-2 
00063-25-2 
01563-66-2 
00786-19-6 
00057-74-9 
OOM3-SO-0 
00470-90-6 
00570-15-5 
02921-88-2 
01 420-04-8 
00055-72-4 
07700-17-6 
00066-81-9 
0005O-29-3 
08055-48-3 
02303-16-4 
00333-41-5 


Parameter 

Numbffi 

dibromochloropropane 

(DBCP)    00096-12  8 

dichlone   00117-80-6 

dichlorvos    00062-73-7 

dichrolophos    00141-65-2 

dieldnn   00060-57-1 

dimethoafe    00050-51-5 

dinocap    39300-':5-3 

dinos-?b     00088-85  7 

dioxathion   00078-34  2 

disolloton    00298  W-4 

endosullan    00115-29-7 

endrin   00072-20-8 

EPN    0210-1-64-5 

ethion    00563-12  2 

(ensullothioo     00115-90-2 

lenthion    00055-38-9 

fluchloralm    33245-39-5 

heptachlor  00076-44-8 

heptachlor  epoxide    01024-57-3 

leplophos  21609-90-5 

malalhion  00121-75  5 

methomyl   16752-77-5 

methoxychlor    00072-43-5 

methyl  mercaptan 00074-93-1 

methyl  parathion 00298-00-0 

mevinphos  07786-34-7 

mexacarbate  00315-18-4 

mirex  02335-85-5 

monocrotophos  06923-2^4 

naled   00300-76  5 

nicotine    00054-11-5 


Parameter 
Kumbcf 

nitrofen  01  f" "  '  -  ' 

oxyJeTielon-methyl     Uw..^   ■'. 

paraquit 0'9i0-4< 

parathon    0Gi:3>3'~  P 

phorate 00293-02  2 

ptK)saie!im 0-JiO-;-14-7 

phosmet   00732-11-6 

phosphamidon   13l7l-2'-6 

rotenona     00013-79-4 

iMvex.  propylene 

glycolbutyl  ett»»r  ester  02317-24-0 

sodium  lluoroacetate     ...  OOC62-74  « 

strychnine    0OD57.24-9 

'  sullaMate    000=5-06-7 

suHotepp    03689-24-5 

TD£    00072  54  8 

TEPP   00107-49-3 

terbulos    13071-79-9 

'  telrachlorvinphos    00951-11-5 

th.ram      00137-25-8 

toi.iph.ne    0300135-2 

tricMorlcn    00052-68-6 

trichiorophenoxyacelic 

•cid  (2.4.S-T)     00093-76-5 

Influral.n     01582-098 

liram    00137-30-4 


IV.    Drugs,  Food  Additives.  Natural  Material 

Parameter 
Number 

•  actinomycin  O    0(X)50-750 

•  citrus  red  no    2     06358-53-8 

•  cycas'n    14901-03-7 

•cyclophosphamide    00050-18-0 

•  diethylstilbestrol    00056-53-1 

•  isomcolinic  acid  hyOra/me  00054-85-3 

•  lasiocarpine     00303-34-4 

•  mestrjnol 00072-33-3 

•  indicates  new  critical  material 


Is  (to  be  reported  only  by  manufacturers  and  formulators). 
Parameter 
Number 


methylihiouracil   00056-04  2 

mitomycin  C  00050-07-7 

'  monocrotaline    00315-22  0 

'  niridazole  00061  57-4 

'  nithiazide       00139  94-6 

N-l4-(5-nitro-2-lur.inyl)-2- 

IhiazolyllacelamiOe     ...  00531-82-8 


•  phenajop/ridine 

h>-drcch:oriGe  . 
'  ph5neil°rin   

•  phenoOarbitol  .. . 

•  phenjtom   

•  phcnyloin  sodiurr 

•  propylthiouracil    . 

•  uracil  mustard 


Parameter 
Number 

00135  40-3 
0354610-9 
00C53-C6-6 
00057-41  n 
00530-93  3 
00051  52  S 
0CO66-75-t 


Page  54 


Table  15.      1980  Critical   Materials  Hazard  Assessment  Summary 


t-illHT  A.. 


Ml  II  Mi    '. 

•■ISill..  K.Ml.  1. 
v.-'i  M'.T'I     •■irii  11 

Ul  :l:'-'MI  IIY  t) 
i.ilir  LIU  ,  l-:irln|i 


■  lfl<.  U'.fD  10  tVAlUATt   CIIIHICAIS 
iriv||{l»,.;rillAl   COriCU:!  Ii.l' 
f..i.',:      I)    "I'M    inilLllr. 

iiMii:  A'vi'".f  fffirTS  (iii'-.iM'i:', . 

<ILllt    ••.1   'iOHlTICSl;    t>!   ri:  -l.IlllC! 


HIE   I1A2AP0  AS-fSSHHT   PROCti 

ro»  poi'jibu  iiiLi  iijii>.  0 

MlfHIIAlli  UliURUVi:.  lJl.;::ii.,  A"l  '.llAI".' 
i)  CARCIWIClNltm  .  i)  luKCDIIAKY  MIII,'ifllCU» 
SUUAtUll    Win  tllROMU    ffHCT:    Til   lEl'P'STIlin    r. 

Alio  U  BiOACctifiLAiiui      Im(  nuimi)  a;a :'J .h\ 

llimATUHf    ON  PIIYSICAl.    aHlllCAl  ,    AMll   llUKULOCI  L."i    I' 

ci.fMicw.  m  Nu'.c'icat  irtR;.!  :.  v,  "...cik  ::  .'..i  ; 

AM    IHCLUUn  IN  IH[    CkllUAL  HAUlll.U   Kl.lilil'. 

*  COMPUU   CJPlAIIAIinM  Of    UK    CRIIirAI    MMlhlAlS   MGliUP  A/IP   III!    liA/Allh  A'/jlSSMfNI   PROGRAM  CAN  111    (OUUi 
IN   THE    mjlICATIOH.    'CylllCAl    »/ILRIAf>   kCCr^UR   HiiU'.      In  nalAlll   f    (OPr 


iClSi   Ij  '.A.IIi  m.  I  il   li.lH   hlHl.1  fif   Iiif   ' 
ll'IDIil',   III    iril>l>SlKlAl   ANb  ACKICUlTlliL 

1-.;  1     ■iM.n   I'l  .1    A  iliQI   [IIV:Rl....l..ir 


luiiiric 

CAl  i . 


Mill: 

CRITICAl    HATfniAli  PRor.RAM 

niCHIGAM   HPARIMFNI   0>    IIAIIKAI    UCSOUKCCS 

CIIVIPiirUUNlni    SIRVICE^    UUI^ION 

P.   0.   OOI   Jllu^ll 

lANSING,   "HOIIGAH  4890* 


Hurtp,    oiiui  or  toiic  hateriais  cotiiKOi 

CAl)      ];4-9640 


Aont  loiicnr 

10T-I0IAL 

••INSUfriClfNI    INfORMATION 
ORA-Atmf   CRAl    TOIICITf 
OfR'ACUTE    tKKhUU    mill  IIY 
A»J-A£IIIE   Ai|UAIlC    HjjICIIT 
INll'ACUIf    INllAlAIKi;!   lO'lClTY 
H   mi-IIEPEDIlARY   HiJtAaillCIU 
lERI'URAIOUI.init 
(IM'tlOACCUHUUIION 

(■SIQACCumiAUQN   FACTOR 
r>lOG  PARTITION   CntFFICIENT 

■•irisurnciEM  wifuKMAiiiM 


CARC'CARCINnCfNICIlY 

HP-HUMAN   POSH  I VI 
PH^POIENIIAL   MUll.MI 
Ai'-'/IIMAl    PUS  III  VI 
PA-POIEHTIAl    ANIUM 
SS'STRflNClY   SU.PECT   CARtlllOaN 
SC'SUiPECI   CARCIHCiGfN 

NC'fini  rjkRcliincENic 

ll-INSUrriCIENI    IIIFOKWIIIIN 


PER-PfRSISIlNCl 

S-SOIl  q*S0ll  ,   WAIIK   Aim  AIR 

U-WAIER  T-SOII    Allli  ilAlll- 

A-AIR  N-A'NOI    (l-l-l  ICAIilt 

l-INSUFFICIEIII    INFORMAIIUtI 

OTHER   AOVfRSf   CFFfCIS 

AU-AHViR'^E    lERRESIRIAl    EMiCi 
AOt-ADVERSE    AOUAIIC   HFEfl'.. 
APf-AOVERjE    PIMII   EFFECIS 
AAE-ADVERSE  AESTHETIC  EFIECIS 
iS-HO  SCORE 


AITrNIinil 


sot*   Of   THE    flAIA  llAVf   BEEN  ABBREVIAIED  ACCnRDINT,    TO  PROCEfHIRFS   nfHfRAllY   ACCEPTEP  BY   THE    SCIENIIfIC    tni»<U<IIT 
out    TO  THE    CaHfl  ANO  IIIOIIY    lECHUlLAl    .'lAIUkt    Cf   HIOI  Of    HIE    lllf  OI'JVlI  ION .      CAREfUl    INIEHPfil  lAI  ION   Of   THE 
DATA    IS   fSSEMIAl    lillild    m   /CCjnAU    HAMPIi  A.,£yjl3ni    I'rtt  L[    a\U         IMIRPREIAIIKi   Of    nil    llllOKItMKil 

lY  iNOUiouAis  iini  ExRiRiiNi.iii  HUM  hiij  SI' jifT  ruinu  nsuii  in  ihrhhiihis  .luuotKiiiis  of  i;i[  H'.'  =  Kir, 
ASSociAifii  uiiii  This  riiiMirAi  smislAnri      Ait  ivemiuis  ki  data  afiuiiacy  amo  iiiIirpretaiiun  sikiuio  be 

DIMCUD  TO  THE  OFFICE  OF   TOIIC  HAIIRIALJ  lulllllll     (bW)     ]74-<tL40. 


<<<«<<<< ^« <<<<< <     — <  — • 
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DATA  COLLECTION 

Every  person  doing  business  in  Michigan  who  discharges  wastewater  to 
the  waters  of  the  State  or  who  discharges  wastewater  in  addition  to 
sanitary  sewage  to  a  sewer  system  must  annually  file  a  wastewater  report. 
The  types  and  quantities  of  wastes  discharged  and  use  and  disposal  of 
Critical  Materials  must  be  included  in  the  wastewater  report.  On  October 
1  of  each  year  a  booklet  entitled  "Wastewater  Report  Forms  and  Instructions" 
is  mailed  to  approximately  20,000  Michiigan  businesses.  A  separate  report 
is  required  for  each  location  at  which  a  company  does  business.  This 
booklet  contains  all  of  the  necessary  forms  and  instructions  for  filing 
the  annual  report  and  is  available  upon  request  from  the  Office  of  Toxic 
Materials  Control 

"Form  I  -  General  Information"  is  a  questionnaire  type  of  form 
designed  to  demonstrate  what  further  forms  need  to  be  filed  by  a  particular 
business  and  to  obtain  general  information  on  the  operation  of  the 
facility.  "Form  II  -  Wastewater  Outfall  Report"  provides  information  on 
the  type  and  volume  of  discharge.  "Form  III  -  Critical  Materials  Report" 
provides  information  on  the  manufacture,  use,  discharge,  and  disposal 
of  Critical  Materials.  "Form  IV  -  Residuals  and  Residues  Disposal  and 
Storage  Report"  provides  information  on  the  type,  source,  quantity, 
disposal  method  and  location,  storage  procedures,  and  presence  of 
Critical  Materials  in  sludges  and  similar  wastes  resulting  from  production 
processes  and  wastewater  treatment.  The  booklet  also  contains  a  descrip- 
tion of  the  surveillance  fee  calculation  method. 

All  necessary  forms  must  be  submitted  by  December  15  of  each  year. 
These  forms  are  then  checked  for  accuracy  and  completeness  and  certain 
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information  is  computer  coded,  keypunched,  and  entered  into  a  computer 
system.  The  computer  system  calculates  surveillance  fees  as  well  as 
compiling  Critical  Materials  data. 

An  example  of  a  Critical  Materials  printout  is  shown  in  Table  15. 
This  printout  summarizes  general  information  on  each  facility  as  well 
as  providing  data  on  use  and  discharge  of  Critical  Materials.  Critical 
Materials  use  and  discharge  codes  conrrespond  to  codes  found  in  the 
Wastewater  Reporting  Booklet  which  represent  a  quantity  interval  in  pounds 
(i.e.  <1 ,  1-10,  11-100,  101-500,  etc.).  The  printout  also  summarizes  total 
quantities  of  Critical  Materials  being  disposed  of  in  residuals.  Facilities 
can  request  that  their  use  (but  not  discharge)  of  Critical  Materials  be  kept 
confidential.  Confidential  use  information  is  indicated  by  an  "X"  in  the 
"confidential"   column  corresponding  to  the  Critical  Material  and  the  "pound 
used  code"  column  is  left  blank.  Data  is  the  Critical  Materials  files  can 
be  sorted  by  geographical  location.  Standard  Industrial  Code  (SIC),  facility 
number,  facility  name,  specific  Critical  Material (s),  sanitary  sewer  system, 
river  basin,  or  type  of  discharge. 
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Table  16.     Example  of  a  Critical   Materials  Printout 


I   O  O  «U  9 


C   O  fM  » 

9-  »-  «    » 

I    IX    3    «    » 


0    0  0   9- 
C    C       •» 

a  tf»  H\  » 
•  tf^  U^  9 
•    -«  o- 


^       Aj  IM  m       ni  f 


lO    — 

u.  o 


t  &  -o  ts  c  -o  o  • 


I   C    O  "«    X 


.  ^  o  « 
X  *-  o 


O  X  ^^  o 
>  <  o  cr 
4  z  »-  o 


■00<0««IW^AO«< 


lOOOOP^    OCOOOOOOi 


^     o 

O  Z  (X 

flo  o  a 


c:  o  >< 
3  u  z 

•«       a 

z  JUJ 

u^  to 

o  ^  •- 

UJ   o 

•"  r  ui 
z  z  tr 
hu  o 
s:  tr  v> 


(^  o 


o  u-  »- 


a.  »-  s 

•o  ^  >- 
•—  c  >- 


X  o 

r  »- 
4_»LJ       a.  •< 

►-  c        _J^ 

^  >  a 
,  ^  fc-  o 
.  r>uj  :::  _» 

3   iT    X    X 

Of  or  7"  >-  I 

o  >-   »  ^  : 

-  f-  -^  o  ' 


X  hj  ::•  _i  r 
r  -J  :j  o  cl  «  z  ■:; 
J  w  •—       *-  UJ  7"  u  r 


—  13 

_/         2 


C  «n  •- 
•-  X  o- 


"3  -«  *- 
c.»-  -< 

>-  M   X 


C   «n  »- 


xvioatsfcnz  —j-juowX' 


Page  54 

DATA  ANALYSIS  AND  USE 

Data  on  Critical  Materials  reported  by  Michigan  businesses  are  used 
principally  in  programs  designed  to  identify  and  prevent  toxic  substances 
problems  before  they  develop  into  crises.  The  major  use  of  the  data  is 
to  identify  businesses  using  or  discharging  amounts  of  toxic  substances 
which  could  cause  environmental  damage.  Critical  Materials  data  from  each 
reporting  facility  are  compiled  into  a  data  acquisition  system  and  reviewed 
and  analyzed  by  DNR  staff.  Judgements  on  whether  a  quantity  of  a  Critical 
Material  being  discharged  has  detrimental  potential  are  based  on  the 
characteristics  of  the  facility,  its  receiving  water,  and  the  toxicity  and 
other  properties  of  the  Critical  Material  itself.  Use  data  and  facility 
description  information  are  analyzed  to  determine  if  cumulative  loadings 
of  Critical  Materials  are  likely  to  be  discharged  from  the  facility  and 
whether  these  discharges  are  likely  to  result  in  environmental  degradation. 
Follow-up  action  may  entail  direct  contact  with  the  business  for  further 
information  or  clarification  and/or  a  detailed  inspection  visit  to  the 
facility.  A  facility  visit  would  include  an  interview  with  management 
concerning  use,  storage,  handling,  and  disposal  practices  along  with  the 
collection  of  sufficient  samples  for  analysis  (e.g.  raw  materials, 
effluent,  sludge,  final  product).   If  the  facility  inspection  identifies 
a  problem,  a  follow-up  environmental  assessment  is  conducted  to  determine 
the  degree  and  extent  of  environmental  contamination.  Administrative 
procedures  or  formal  legal  action  would  be  initiated  to  achieve  abate- 
ment should  such  action  be  necessary. 

Funding  for  an  expanded  Critical  Materials  Register  data  analysis, 
follow-up,  and  compliance  monitoring  program  has  been  obtained  from  the  U.S. 
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Environmental  Protection  Agency  via  a  Toxic  Substances  Control  Act 
Cooperative  Agreement.  The  objectives  of  this  agreement  are  to  develop: 
(1)  a  more  efficient,  effective,  and  comprehensive  system  for  analyzing 
and  sorting  CMR  data  utilizing  computer  systems;  (2)  an  expanded  program 
to  investigate  potential  problems  identified  by  CMR  data  analysis; 
(3)  a  program  to  monitor  and  increase  compliance  with  the  CMR  program; 
and  (4)  procedures  to  integrate  the  CMR  program  more  closely  with  existing 
pollution  control  programs.  The  handling  and  storage  of  hazard  assessment 
data  has  beer  computerized.  Computer  programs  for  sorting  and  analyzing 
Critical  Materials  data   has  been   developed  to  facilitate  data  review. 
The  funding  obtained  is  being  used  to  expand  present  staff  and  laboratory 
capabilities.  Major  emphasis  is  being  placed  on  development  of  methods 
which  could  be  adopted  by  other  states  to  accomplish  similar  goals. 
The  CMR  data  are  also  used  in  the  development  and  revision  of 
National  Pollutant  Discharge  Elimination  System  (NPDES)  permits.  All 
NPDES  permits  are  reviewed  by  the  Office  of  Toxic  Materials  Control  for 
toxic  substances  concerns.  Part  of  this  review  process  includes  company 
CMR  reports  on  chemical  use  and  discharge.  Recommendations  are  made  by 
DNR  staff  for  inclusion  of  monitoring  provisions  and  effluent  limitations 
where  necessary.  National  Pollutant  Discharge  Elimination  System  com- 
pliance monitoring  of  discharge  points  by  DNR  staff  includes  consider- 
ation of  toxic  substances  covered  by  monitoring  provisions  of  effluent 
limitations  in  the  permit,  as  well  as  other  CMR  data  not  included  on 
the  NPDES  permit. 
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All  chemicals  included  on  the  CMR  must  be  considered  in  a  Pollution 
Incident  Prevention  Plan  developed  by  each  facility  using  or  storing 
these  materials  (Part  5  Rules  of  Act  245,  P. A.  1929,  as  amended).  These 
rules  stipulate  that  the  plan  must  set  forth:   (1)  procedures  for  preventing 
pollution;  (2)  emergency  clean-up  procedures;  (3)  type  of  surveillance 
employed  to  detect  possible  pollution;  and  (4)  methods  of  keeping  inven- 
tories. This  plan  must  be  available  to  employees  involved  with  Critical 
Materials.  In  addition,  all  spills  of  Critical  Materials  must  be  reported 
to  the  Department  of  Natural  Resources.  A  "Pollution  Emergency  Alerting 
System"  involving  a  24-hour  per  day  answering  service,  trained,  on  call 
DNR  coordinating  staff  is  available  to  respond  to  these  spills. 

Critical  Materials  Register  data  are  also  made  available  to  other 
governmental  agencies.  The  Michigan  Department  of  Public  Health  utilizes 
the  data  to  identify  potential  impacts  on  human  health  via  exposure  to 
water  contaminated  by  Critical  Materials.  The  DNR  Air  Quality  Division 
can  make  use  of  this  data  to  investigate  possible  fugitive  emissions  from 
Critical  Materials  storage  and  processes.  Identification  and  elimination 
of  these  fugitive  emissions  will  prevent  possible  adverse  impacts  in  the 
future. 

Selective  computer  retrievals  are  also  made  for  specific  reasons. 
These  retrievals  may  be  made  to:   (1)  investigate,  identify,  and  qualify 
patterns  of  use  or  discharge  of  specific  Critical  Materials;  (2)  make 
selective  mailings  to  obtain  further  information  on  a  Critical  Material; 
or  (3)  send  regulation  and  warning  notices  to  businesses  which  have 
Critical  Materials  use  and  discharge  patterns  similar  to  a  known  problem. 
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APPENDIX  1:     Proposed  List  of  Hazardous  Materials  to  be  Screened 
for  the  1977  Critical   Materials  Register 


INORGANIC   COMPOWDS 

Alumlnua 

fluoride 

sulfate 
Amnonla  coopounda 

annonla,  acetate,  benxoate, 

bicarbonate,  bichromate,  bi- 

tluurlde,  bisulfite,  bromide. 

carbamate,  carbonate,  chloride.      ^ 

chroBiate,  citrate,  fluoborate, 

fluoride,  hydroxide,  hypophoe- 

phite,  loditc,  nitrate,  oxalate, 

iK-ntaboratt,  |>ersjl  f  ate  .  slllco- 

fluoride,  aulfamate,  sulfide. 

sulfite,  tartrate,  thiocyanate, 

thioaulfaca 
Antimony 

pentachlorlde,  penta  fluoride, 

potasaium  tartrate,  trlhallda, 

trioxide 
Arsenic 

acid,  diaulfldc,  pentoxlde,  tri- 
chloride, trioxide,  trlaulfld* 
Asbestoa 
Earlua  cyanlda 
Beryl llua 

chloride,  fluoride,  nitrate 
Cjdmiua 

acetate,  brot^idc,  chloride 
Calcium 

arsenate,  aresentte,  carbide. 

chroaate,  cyanide,  dodecylbenzene- 

sulfonate,  hydroxide,  hypt'chlorlte . 

oxide 
Chlorine 
Chromium 

chronic  acetate,  acid  and  sulfate. 

chronous  chloride,  chronyl  chloride 
Cob.ilt 

halldia,  formate.  sulLamats 

cupric  acetate,  acetoar stnlte.  chlor- 
ide, foruiaie,  glyclnate,  lactate,  nl- 
rraie,  uxal^tte,  suhace'dte,  sulfate, 
tartrate.  Cuprous  halldes 

Cyanides 

Iron 

ferric  ammonium  citrate.  aamDnlua 
oxalate,  chloride,  fluorlda.  nitrate, 
sulfate.  Ferruua  amoniuo  aulfate, 
chloride  and  aulfate 

Lead 

.1  etate,  arsenate,  chloride,  fluoborate, 
fluoride,  loulde,  nitrate,  atearate,  sul- 
fate. sulSiio,  tetraacetate  tetraethyl.  thio- 
cyanate, thlosulfate.  tungstate 

Llthtua 

bichromate,  chroaate 

Mercury 

irercurlc  acetate,    cyanide,   nitrate,   aul- 
fate,   thiocyanate.   Mercuroua  nitrata 

Nickel 

BTmonlura  sulfate,  chlotlde,  formare,  hydrox- 
IJe,  nitrate,  sulfate 

Phosphorous 

oxychlortde,  pent jaulf Ide .  trichloride 

Potasaium 

arsenate,    arsenlte,    blchr)aate.    chrouate, 
cyanide,    hydroxide,    perntargannte 

Selenium 
oxide 

Sodium 

ariinate,    araerlte,    bichtonate.    hlfluir.de. 
bl.ulfltf,    chronaC'.',    lyinlde.    fUiorlle,    hydro 
sulfide,    liydroxide,    l.ypochlor  I  te  ,    mcLliylaie, 
nitrite,    phosphate,    silcnite,    aulrlde 


Stannous 
fluoride 

Strontium 
chromate 

Sulfur 

monochlorlde 

Thallium 

Uranium 

peroxide,  uranyl  acetate,  nitrate,  sulfate 

Vanadium 

pentoxlde,  vanadyl  sulfate 

Zinc 

acetate,  amiLonia  chloride,  bichromate,  borate, 
carbonate,  cyanide,  for^Mte,  halldes,  hydroeulf lt«. 
Nitrate,  I'hinoi-iulfon.-ir  c,  phor.phldo.  potassium  chro- 
mate, silicofluorlde,  aulfate.  sulfate  aonohydrate 

Zirconium 

acetate,  nitrate,  oxychloride,  potasaium  fluoride, 
sulfate,  tetrachloride 


ORGANIC  COMPOUNDS 


Acetaldehyda 
Acetic  Acid 
Acetone  Cyanohydrlo 
Acid  Chlorides 

bertoyl  chloride.  llcthylcarbHnoyl  chloride,  dtmethyl- 

.arbanoyl  rliloride, 
Acrtdlne 
Acrolein 
Acrylonitrlle 
Adiponltrile 
Aliphatic  Amines 

butyl  jTlnr.,  .'letbyl  jilne,  dlncthyl  amine,  FDTA. 

el.-yl.Mu  uinlpe.  rcnci-cnyl  airlne,  monoracthyl  amine, 

trlcthvl  i.oin.-.  trlmothvl  j«lne 
Allyl  Alcuhjl  (vlviyUarbinol) 
A'  lyl  Chloride 
Amvl  Acetate 
Anhydrides 

scetlc,  malelc,  |)toplo.ilc,  phrhalic 
Anthroqulnones 

1.:  dlhydroxy  -  9,10  anthraqulnone 

(alizarin) 

l.'i  dlhydroxy  -  9,10  anthraqulnone 

(quinizarln) 

1.2.3  trliiydroxy  -  9,10  anthraquinooe 
(anthragallol) 

1.2. 4  trlhydroxy  -  9.10  anthtaquinone 
(purpurln) 

!,••  -   dlamlno  -  9,10  anthraqulnone 
Aromatic  Amines 

aniline,  benzidine,  o-chloroanlllne, 

3,3'  dlchlorobenzldine 

naphthylacilnes ,  1  and  2 

4,4'  ni^ihylenebls  [2-chloro]  aniline 

4,4'  melhyUncbls  [2-methyl]  aniline 

dimethyljTitno.i.  etyl  2,  i.  6  tr Imethylanlllne 

4-amino  blphenyl 

2-  amlnoblphenyl 
Azlde.  sodluui 
Azlrldinea 

aztrldlne  (ctiilenelmlne) 

2-metnyl  azlrJdlne  (propy '.cnlm' nc) 

2-'.l-ailridlne)  ethanol 
Azo  Uyea 

az'>beuzene 

CI  a.lviv.t  yellow  #1  (4-aml.i.;iz.»:enzene) 
eZ    (4-  11  rcthyl  mlnojiobenicne) 
'i    (.i-<itplnoazo  toluene) 
Benz,  IdenvJe 
Di-nz.  ne 
S.n-;olc  Acid 
:i.-nzonitrile 
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(continued) 


ORCA.NICS     (CONTISLT.C) 


Rcntyl  broalde 

Moiyi  chloride 

Bruclne  (2,3  dlaechoxyicrvchnlne) 

8uc*nol 

p-bro»oanl8ole 

tutyl  «cet«ie 

Butyric  jcld 

CirbaKic  acid,  echyi  esccr 

C«rb«xolc 

Carbon  dlsulfloe 

Catechol 

Chlorendlc  acid 

ChlorlnKted  bcr.ier.ea 

Chlorinated  naphthalenes 

Chlorinated  phenols 

Chloroalkyl  ethera 

bl»  (chloronothyl)  ether 

bla  (2->.hloroethvl)  echor 

2-chlorocthyl  vinyl  ether 

■ethylchloroaethylethar 
l-chloro-2-propanol 

Chloroprene  (2-chloro  1,3  butadiene) 
2-chloroethanol 
Chloroaulfonlc  acid 
Ccttola 

p,o  and  ■  cre«o] 

cKlorlnated  at  all  altea 
Crotoaaldehyde 
CuKna 
Cyclohaxane 
Dljtoaethinc 
Dlchlorobenzldlnea 

l.^-dlchlorobut^nj  a .4-Jlrhluro-2-butcne) 
Dlch.ororthyltnes 
Dlctiloropropanra 
D1chlaroD;c<pc:i.:a 

Dlcyciopei.tadlene  (blacyclopeii tadle.-ie) 
Olechylbcnienr 
DlBwthylphenoi  2,4 
Dtnltrotolucncs 
3ioxanc 

D.^htnylliydallnci 
DudecylbcTcneaul  Conic  icld 
EndoauUans 
F.poxldea 

chloroBcthyl  oxlrane  (epic lorohydrln) 

•ethyl  oxlrane  (propylene  cxide) 

Ksltyl  oxide 

oxlrane  (ethylen-?  oxide) 

oxlronemet-unol  (glycldol) 

phenyl  oxlrane  (glycldaldehyde) 

•  tyren>;  oxide 
Ethyl  Acrylate 
ethylben^eno 
Ethylene  dlbrcmlde 
Ethylene  auhlor.Je 
Eluoranthfne 
PormaldehyJe 
Fornlc  aciJ 
Fosiarlc  acid 
Ualotthers 

bla  (dlchlorolaooropyl)  ethers 

bla  (chljroethoxy)  ethers 

broaodlphcnyl  ethers 

chloroJlplicnyl  ethers 

polych)urlnjted  dlphcnvl  nothane 
Balogcnated  saturated  hydrocarbon* 

acetyl  chloride 

acetyl  bronlde 

broaoform 

carbon  tetrachloride 

chlorod ibrono  aethane 

chlorcfcra 

chlorinated  eth.inca 

1,2  d lbri'mo-3-chl oropropane 

dichlorcbromi-eirtli^ine 

dlchlorodlf luorome thane 


oethyl  chloride 

■ethyl  broalde 

aethyl  Iodide 

trlchloro  f luorooethane 

trlchlotonltro  oethanc  (Chloropicrln) 
Hexachlorbu tad  lone 
Hexachloropentadlene 
Hexachlorocyclohexane 
Hexaac t hy 1 ene t c t ram Ine 
Hcxaaethylphosphoramlde 
Hydrazine* 

carboxaalde  hydrazine 

dli<ethyl  hydrazines 

hydrazine 
Hydroqulnone 
Rydroxylaalnes 

N-acthyl  hydroxylamlnea 

O-aethyl  hydroxylamlnes 

hydroxylaalne 
Isophorone 
Isoprene 

Isopropanolaalne  dodecylbenzene  aulfonate 
Lactonltrlle 
Halelc  acid 
Methylene  chloride 
Methyl  aethacrylate 
Healtylenc 
Heiltyl  oxide 
Naphthalenes 

1,8  ethylene  naphthali-ne  (accnaphthaoa) 

Bcthyl  naphthalene 

naphthalene 

naphthol 

l-(l-nnphthvl)  thiourea 
Napl.thcnlr  acid 
Mtrobenzenes 
Nltrsrurans 

2-nUrofur.in 

N-f4nltro-2-£uranyl-2-thIazoyll  acetaralde 

N-[4nltro-2-furanyl-2-thl«zoylJ  forni-inlde 
Nltrophonols 
Nltrobamlnos 

N-n It rosodlnethyl amine 

N-nltrosodl-n-propylanlne 

N-r.Urosodl,)henylualnc 

dlethylnltrjsoamine 
ParaforM'.dehyde 
PentabroDotoluene 
Per-^xlJes 

bis  (dinethylethylj  peroxide 

3-carboxypronaneperoxoic  acid 

1,1  dlnwthylbcnrvl  hvdro  peroxide 

1,1  dlmethy lethyl  hydro  peroxide 

hydrogen  peroxide 

peracetlc  acid  (peroxy  acetic  acid) 

succinic  acid  peroxide 

tert  butyl  peroxide 
Phenol 
Phoegcnc 
Phosphoric  acid  esters 

trloethyl  phosphate 

trlcthyl  phosphate 

trls  (2,3  dlbromopropyU-phosrhate 
Phthalate  esters 

bis  (2-ethylhexyl)  phthalate 

butylbcnzyl  phthalate 

diethyl  phthalate 

dimethyl  phthalate 

dl-n-butyl  phthalate 
Polynuclear  arozatlca 

acenaphthylenc 

anthracene 

benzanthracenea 

benzoCluoranthenes 

3,4  bcnzpyrene 

1,12  beiizpery icne 
chryscnc 
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ORCANICS  (COKTINUID) 

dlbeuzanchcacene* 

f luorcne 

ijenopyrenet 

phenanthren* 
Polychloclnaced  blphenyl* 
Polybronlnated  blphcn/Ia 
Proplolaccone  (oxccanone) 
Propionic  acid 
Propyl  alcohol 
Pyrldlnea 

ilchlorcvlnylsulfonyl  pyridine 

cccrachloropropylaulf onyl  pyridine 

crlchlorcpropylauifonyl  pyridine 

pyridine 

L-3-(l-pyrrolldyl)   pyridine    (Nicotine) 
Pyrethlna 
quinollD* 

8-  .lydroxyquloolla* 
Qui none 
Reaorclitol 
Scrycholne 
Scyreoea 

octachlorloated 

pclychlorlnated 

aLyrene 
Alkyl  aulfaces 

diethyl  auKate 

dlMthyl  aultat* 
Sultooea 

1,4  butane  aultona 

1,3  propane  aultoiie 
2,j,7,8  cecrachlorsdibcnzo-p-dioxia   (ICDD) 
Tetr^chloroethylene 
Toluene 

Toluene  dtlaocyiDate 

Trlethaoolanlne  dodecyl  benseneaulfonate 
Trlaienea 

Z , 3-dlmethyl-l-phenyl   triaZRne 

l-(p-crlo:ophcnyl)-3,3  diir.'Chyl   trlaaene 
rr Ich'troothylene 
Vinyl   acitate 
Vinyl   chloride 
Vlnyltdciie  chloride 
V'.:iyl   toluene 
Xylenea 
Xylenol 


ILjlathlon 

Hercaptao 

Methoxyclor 

Hethyl  tcercaptan 

Hevinphoa  (PlioaJrin) 

Mlrex 

Naled  (Dlbroa) 

Parathioo 

Picloraa 

Rotenone 

Sllv»»  (ICursn) 

Toxapheoe 

Trichlorfon 

Zectran 

2.4-D 

Z.i.S-T 


PESVICIDP.S 


Aldrin/dieldrla 

Bocron    (dlchlocaii) 

Captaa 

Carbaryl 

Ci«oran   (Dichlobeall) 

C  ilordane    (Octachlor) 

C  vuaaphoa 

Dalapon 

DOT 

Dlaz'.non    (Baaudin) 

Olcajsoa 

Dlchlobenll 

Dlchlone    (phyjon) 

DIchloivo.    (DDVr) 

Olquat 

Dlsulfoton    (Dl-ayaton) 

Ulthane    (Naabaa,   Haneb,   Zlneb) 

Dturun   (Karnes) 

Durabao 

End  r  in 

Echion    (Nlalate) 

Fol^et    (Phtaltan) 

FurJural 

Cuthlon   (Cuaathlon) 

Heptachlor 

H'-ptachlor  epoxide 

KeUhane 

Kcpone 

Llndnne    (gamna-HHC) 


APPENDIX  2:      List  of  Priority  Chemical    Substances   for  Further 
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Acccaldchyde,  Chloro- 
Accclc  acid,  Be:i:yl  escer 
Acttlr  acH.  CMto- 


Dlaio-,  ethyl  ester 
(Fthylcnedlnltrilo)  :ctra-, 


Imlnodl- 
CMon- 


Bla  (2-cthylnexyl) 
n-oct>l  n-decyl  est 


ethyl- 


Acccic   acid. 
Acetic   acid, 

teCraaodlu 
Acatlc   acid, 
Acctophenone, 
Atetylamlnof luorene 
Acetylene 
Acrylamlde 
Acryll:   acid 

Acrylic    aclJ,    2-Cy»no-,    aethyl    eater 
Acrylic  acid   eatera 

Acrylic   acid,    ethyl   eater 

Acrylic   acid,    2-ethylhexyl   eater 
Alkosy   alkanolf 

EtKanol,    2-8utojcy 

Ethanol,    2- (2-Butoxyethoxy )- 

«thaiol,    2-nthoxy 

Etiunol,    2-(2-Ethoxyethoxy)- 

Ethanol,    2-Methoxy- 

Lthanol,    2-(2-M«thoxyethoKy)- 

Cchanol,    2-(2- (:-^lethoxy-thory)ethoKy)- 
2-?ropanol ,    1,    I'-Ox/dl- 
AlVyl  adlpatca 

Adlplc   acid.    Bla    (2-cthylnexyl)    eater 

Adlplc    tic  Id 
Alkyl    anlnea 

Dodecy  Vtmlne 

laopropyianlnc 

Mittwnaali.e.    N.    N-Dl 
Aikyl    epjxlJpa 

Butane,    1,    2  :  l-tllepoxy- 

Butane.    (■(- )  -  1 ,2  :  J  ,  i-Plcpcxy- 

Butylcne   c^xlde 
AUyi    plith.il.i:,  s    (short    chain) 

Dlb'jtyl    pI'.'i.iUte 

Dimethyl    t cri.vhthd  Ute 
Alkyl    phchAlates    (lcn<  chain) 

Dlcyciu^-fxyl    ptithc.late 

Ollaodecyl    phih^lare 

Dlisconyi  ph:h.-.Ut« 

Dloctyl    phthaL'te 

Dltrldecyl   phtnalate 

n-Octyl    ii-decyl    pbthilate 
Alkyl    aulfates   and    auLl  oiiate? ,    llneat 

HoQOdodecyl    aulfcce,    soolum   salt 

Octyl    aulfate,    scJJuji   ajlt 

Trldecyl   aulfate,    f'udluB  aalt 
Allylaalne 
AiuDlnLiiB  dLstcarate 
Aobutanlun  tromldc 
Anaorli:i»,    Alkyl    ^Cg-Cig) 

diDethyl    j.'.-alcnioroljeniyl-,    cnlor 
Aniline,    3,4-Dlciaoro- 
Anlilne,   N,N-t)lcthyl- 
AnAllna,   N,N-ni.iethyl 
Aniline,   <.,4'-Methylfnedl- 
Anlllne,   N-Methyi-N, 2,4, 6-tet rani tro- 
Anlllne,    p-Nitro 
Aniline,    2 .4, i-Trlmethyl- 
p-Anlsldlnc 
Anthranlllc    acid 
Izclati-,    Dl(2-othylhexyl)- 
A2lnphoa-ct)iyl 
Aloxybenzenp 
»«r.2aUeh:Jc,    NUro 
BendlOcarb 

Bc-niaslne,    4,4'    S.ilfcnylhl^ 
Senienc.    Chloro   dlnUro- 

Banz.-n.-,     l-tliloro-2,4-,lln-'  .,.- 

Bfi7n  .••,    ,'-Chloro-l,  3- Jlnl  .rv, 
Binien-.',    C)' '.ovc:i  1 1  ro- 

Bcnu-ne,    l-(  hU.ro-2-nl:  r  •  • 

Bentrne,    i-(  l.loro- 3-nl  i  ro- 

Benienc,    l-ChKro-^-iiU  ru- 


Benzene,    Dlnltroao- 
Bcnzene,    Plvlnyl, 

Cpnzene,    1 ,2- (Methy Icned loxy) -4-propeny  1- 
Bcnzenc,    Pentachloronltro- 
B<.nzlDldazole,    6-Nltro- 
Bcnotcyl 
Benzophenone 

Benzophenone,4,4'-Bla    (d ime thy lamlno)- 
p-Benzoqulnone  dloxlae 
Benzothlazolc 

Benzothlazole,    2 ,2'-Dlthlobl3- 
Benzothla^oU,2-  (Morphol  lno-thlo)- 
2-Benzothlazolcaulfcnamlde,   N-Cyclonexyl- 
fienzoyl   peroxide 
Benzyl  alcohol 
Beryl 
Blphenol 
Blphenyl 

Blphenyl,   4-BroflMaechyl- 
Blphenyl,    Chlorof luoro- 
Blphenyl,    bla    (Chlorojoethyl)    octachloro- 
2,4'-Blphenyldlamliie 
Blphenyl,    4-Nltro 
Blphenylol,    Chlcro- 
Blamuth   and    Blsnuth   Conpourda 

Bismuth 

atenuth.   Trie    (dlmcthylJltiiljcarbaiMCo)- 
1  ,3-BMtad  lene 
Lutodlcnc.    2-Chloro- 
1-Butcnc 


2-Butene 

Butylhroml'lea 

l-Bromobut Jne 

2-Brotnoh;itane 

2-Bronio-2-».cthy:    fropine 

Carbon  tet  raliromlJe 

Carbon    tctrafluorMe 

Cellulose   tctranltrate 

Chloral   hvdrate 

Chloraralne 

ChlorlnottJ   adlpatc 

ChlorlnatfJ   ^nlsole 

Chlorinated   pa.-jffuis,    i'.-b'.i   cnlortne 

Chlorinated    stllbcnes 

Chloiothalcnli 

»-CreBol,4,4'-Butylldencbls    (6-tcrt-butyl)- 

P-Cr«»ol,2,6-l)lnltro 

=-Cre8ol,4,4'-Thlobla    (6-tert-butyl)- 

Cyclohexane 

Cyclohexane,    Pentachlorobromo 

Cyclohcxanol 

Cyclohcxanol.    Methyl- 

Cycloh-xanone 

Cyclohcxanone,    2-m«thyl- 

Cyclohcxcne 

1-Cyclohexene,    4-Vlnyl- 

1 , 3-Cyclopcnt3dlene 

Cyclopentanc 

Cyclopcntane,    Methy 1- 

Decaborane    (14) 

Dlalkyl   dithio  carbamatea 

Dlbutalln.    (N-Ser-But y 1-4- tert-butyl , 2 ,6-dlnl t i 

roan  nil 

DlcthyU-nlnc,    2  .  2  ' -nichloro-S-methy  1- 

K.N-Dlelhylciicdtainlne 

Dloiethyl   sulfoxide 

Dlphenylamlnc 

Dlphenylaolno,    4-Iaopropory- 

Dlrlii-nylamlni-,    4-Nltt080 

Olph.nylhydrailna 

DIthlai.on 

Drazoxolon 

Fndothnl                                                                  ^ 

Ethani',    Bromo 

rthanc,    Chloro 

Ethane,    Chlotodlf luoro- 

Etlmne,    1,2,    Olchloro- 

Ethanc-,    1 , 1 ,2,2-Tctrabroiio 
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Kthnne,    1 . 1 . 1-Tr Ichloro- 
tch.ino.    1,1,2-Trtchloro- 
Ethaaol.I-Amlno 
Eth.inol.    2-D!methyla«liio 
Ktiijnol,2,i'-lnlnodl- 
Ethancl,2,2" .2"-Nltrllotrl- 
Cchyl  ChlorofonMte 
Ethylene 
Ethylrrie,    Brono- 

Etriylene  diamine,   N-(l-N«phthyl)-dlhydrochlorlde 
Ethylene,   Tetrachloro- 
Echylene,   Trlcliloro- 

.;tliyleiieJiaraine,   N-l(l-N«piithyl)-dihydrochlorlde 
Fcnlcrothlon 
Ferrocene 

F1j...<:    let.rJa.as    (btoiuluited  ulcohol*) 
Dtbroae.iutencdlol 
Dlbrjnoncopentyl  glycol 
2 , j-Dlbromopropanol 
Trl. roraoneopencyl  alcohol 
Flanie   recardants    (bcoalnaced   aromadc  coapounda) 
Decabrcimodlphenyl  ether 
Bin    (2,<i,6,    crlbroBOpbaaoxy)   echaaa 
Hexabromobenten* 
Hexabr?oocyclodod*cana 
Pentabronotoluena 
Ictrabroaophthjllc  anhydrlda 
Fline   retardanta    (haloganaced  phoaphataa 
and  phosphonatea) 

nia    (2-i.hlarocChyl)   vinyl   phoaphooaca 
Lilethyl   2-  broaoathylphoaphonata 
Trl»    (4-brotiKjphenyl)    phocphata 
lrl>    {2-<-hloroetliyl)    pho:>phata 
Trl»    (2,3-airhloropropyl)    pboaphata 
Trld    i,2,4,fr-trlbroioaphenyl)    phoaphatc 
rlame   retarJ.<nt9    Chtxachlcrocyclnpancadlcoa 
derivatives) 

315    (chlrocndo)   blcyclopencadlana 
P.16    (chiorundo)   cyr  looctadlana 
B19    (chlorerdo)    furao 
Chicrvnillc   ji  hycirlda 
rhlorondlc    salt* 
Ohlcrendc:yc!ooct»dlena 
rtrono^hLortiidocyclooc  tad  lone 
:.J.'..5-Tjtr3brjmophenyl-2,2a,2a,3,'.,S- 
.'^'Sxachlorc-blcyLloheptadler.e 
FLane   rccacdanta    (Klscellvinaous  halogcnated 
compound •) 

Tctrabrocobl^phenol   A,    Pis    (2 , 3-dlbroaopropyl 
ether) 

tet  rabromophciullc   anydrlde 
2.2'  ,6,fc'-lctrobromo-J,3'  ,  5  ,  5' -tetca^lathyl- 
4  ,4  ' -dlhydroxyblphenyl 
TctrachlurobUphcnol  A 
Trtrachlorophthallc  anhydrlda 
Flaaa  retardant*    (ph^aphonlua  conpeunda) 

Tt-trakla    (hvdroxynethyl)    phoaphonlun  bromlda 
Tecrakla    Ciyuroxymethy 1)    phosphonlua  chloride 
Tctr.iklf    (hvdroxyaethyl)    phoaphonlua  hydroxide 
Tctrakla    (hydroxymethyl)    phoephoalum  sulfate 
Fluchloralln 
fljorcscent    brightening   agents 

4  ,  4  '  -Diamine-  2  , 2 '  -s  1 1  Iber.edlsul  f  ooic   acid 
Fluoroacecaialdc 
r luorocarbona 

Kthane,    l-Chloro-l,l-dlf luoro- 
y.ethane,    chlorodlf luoro- 
Methane,   DlchloroCluoro- 
Fornaalde 

Fornamlde.N.N-Dlaethyl- 
Formate,    Echylchloro- 
Furan,    tetrahydro- 
Glycola    (low  molecular  weight) 
Dlethylenc   glycol 
Ethylene   glycol 
1,2-Propanedlol 
Tetraethylcne   xlycol 


Trlethylone  glycol 
Heptane 
Heptene 

1,0-Hexancdlamlne 
Hexanes  and   other  Cj  hydrocarbon* 
Cyclohexane 
Hexane 

Hexane,   Tetrabrooodlhydroxy 
Pentane,    2-Methyl- 
Hexanol,2-Ethyl- 

Methyl  hydrattnes  and  other  derivative* 
Hydrazine,   Methyl- 
Hydrazlne,   monohydrate 
HvJroxylamlno,    N-Phcnyl- 
Isocyantc  acid,   p-chlorophenyl  ester 
Isocyanlc   acid,    3,4-dlchlorophenyl  eater 
Isophchallc   acid 
Ketones,    asynaetrlc 

2-H-Azepln-2-one,   Hexahydro- 
2-Butanoac 

Cyclohexanone,   2-Hetbyl- 
2-Heptanooc 

3-Heptanone,    5-Methyl- 
2-Hexanona 

2-Hcxanone,    5-Mathyl- 
2-Pentanone,    4-HeCh7l- 
Lauroyl  peroxide 

LlgnlnsuUonlc   acid,   calcliai  salt 
Llgnlnsulfonlc  acid,   ferrochroaa  aalt 
Halelc  acid,  dibutyl  aattr 
Halelc  hydrailds 
Haoganaaa 
Helaatna 

p-Menthane-8-hydroperoxtde 
Hercaptans 

Dodecyl  Hercaptaa 
Hercaptobenzothlatola 
Mertect 
Hethacryllc   acid  esters 

Methacryllc  acid,   butyl  ester 
Meth.icryllc  acid,   ethyl  ester 
Methacryllc   acid.   Methyl  ester 
Methane,    Els    (2-Chlocoelhoxy)- 
Hethane,    Brjao 
Methane,    Bronochloro 
Methane,    Bromodlchloro- 
Methane,    aromotr If luoro- 
Methane.   Chloro- 
Metha.e,    Chlorodlf luoro- 
Methane,    DlbrOBO- 
Methane,    Dlbromochloro- 
Methane,   Dlchlorof luoro- 
Methane,    Dlmethoxy 
Methane,    Trlbromo- 
Methylacrylonltrlla 
Mechylbenzothlapana 
Morphollna 

Njinhthalcne,   Decahydro- 
Naphtiialene,    1-Nltro 

2-Naphthylamlne,   N,N-Bls    (2-chioroethyl)- 
2-Nahpthylaalne,   N-Phauyl- 
Neaacur 

Nltrllotrlacetlc  acid 
Nonachlor 
Nonena 
Morfluraton 

Octadecanolc   acid,   9,    lO-Epexy,   butyl  ester 
Octane 
Onethoate 
Oxalic   acid 
2H-l,3,2-oxyazaphosphorlne,2-(tts(2-chloroethyl)aslae) 

tet rahydro- , 2-oxld* 
Pentane 

1.3-l'entanpdlol,2,3,4-Trtaethyl- 
1-Pentancl,2-Methyl- 
1-Pcin.incl,4-Melhyl- 
Peroxtde.    BU  (3  ,2-dlmethylbentyl) 
PeroxldH,    Bis    (dlaethv lethy I) 
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Piroxybenzolc   jclH.    t-bucyl   csler 
Phenol,    Ojdt^yl- 
Phenol,4,4'-isoprnpvliaenedl- 
f'hinol,    Nonyl- 
Phenol,    T:lbr=ac- 

Phenylicetyl   Chloride 

■-Phenylfnedlamln* 

o-Phcnylened  limine 

p-Phenylenedlaalne 

p-Phenylenedlamtne,    dlhydrochlor Ide 

p-Phenylcnc   Jianlnc.    N.N' -Dlplionyl- 

o-Phenylenedldolne,    -i-Nlcro- 

Pho»phlne   oxide.    Trls (l-azlrldlnyl)- 

Phoephoolc  acid.    bls(2-chloroethyl)  (l-hyd.-oxyethyl)    ester 

rhoapliorene,    Pentachloro- 

Pho»phorotrUhlolc   acid,    •.•,s.-tclbucyl   ester 

PhtKallc  acid 

PhcKille   enhydrlae 

Picric   acid 

rigaenc   blue    15 

PlgacDt   (reen   7 

PlpMot  yellow   12 

Pl(aeat  yellow  13 

Pl«a*nc  yellow  lA 

PlSBCnc  yellow  17 

Polychlorlnated  dlphanyl  ether* 

Polychlorlaeted  trlphenyli 

Propane,  2-»ro»o-2-Hethyl 

Propane,  1-Nlcrc- 

rropAoa,  2-Nitro- 

Propaaa,  l,l'-Oxybla- 

Propaca,  2,2'-Oxybl«- 

Propana,  1,2 . J-Trlchloro- 

2-Propanol,  1-Chloro- 

Prop«nol.2,3  Dlbrooo- 

2-Propanone,  1,  Chloro- 

2-Propanon«,  1.1.1 ,  3.  j.  3-Hej,d:  ''joro- 

Pr«pcnc 

Prop«nc,l-Chloro-2-methyl- 

Prop«ne,>-Chloro-2-ii.«thyl 

Propane, 2-«* thy  1- 

2-Prop«nolc  acid,  b..tyl  aacer 

Proplonltrllc,  3-Amlno- 
Qulnollne,1.2-Dlhydro-2.:,4-crloiethyl- 

8-Q\jlnol*.r.ol 

Sebaclc   acid.    Bis    (2-ethylhcxyl>c8ter 
SlllcoQCa,    organo- 

e-i.    polymethvlslloxa.^es 
Sodlua  dlbutyldUhiocarbainate 
Sodlua   thloaulfate.    pcntahyrtrate 
Stearic   acid,    .fcihyl  estei 
Stllbei.e 

Styrene,    Methyl    ester 
TcBophoa 

Terephthallc    acid 
TetrabroBophthallc   Anhydride 
Tetrahydrofuran 
Tblonaxin 
Thlophaaate    nerhyl 

Thloph«ne.2,S-Dlhydro-.l.l-dloxlde 
Thlophene,   Tetrahydro-1. l-dloxlde 
Thlphenaoll    hydrochloride 
TlCanluB  dioxide 
Toluene 

Toluene,  o-Chloro- 
Toluena,  p-Chloro- 
Toluene,2,4, (aid  2,6)-Dlnltro- 
Torak 

Trlallylaaine 

a-Trlailne.  Hcxahydro  1 .3,5-tr Inltro- 
a-Irlailne,2,<i.6-Trlchloro- 

»-Trlailne-2.ii.6(lH.3»,5H)-trlone.  1 ,  3.  S-It  Ichloro- 
Trlchloronate 
TrleChylenetet famine 
Trlnellltlc  A/ihydrlJe 
Xylene 
Xylldlnc 


APPENDIX  3:  List  of  Priority  Chemical  Substances  for 
Further  Evaluation  by  the  1979  CfIR  Advisory  Comnittee 


Acenaphthene 

Acenaphthylcne 

Acetic  add 

fcctlc  anhydride 

Allyl  chloride 

2-Aniino8thano1 

Anilazine 

0-An1s1d1ne 

Anthracene 

Asbestos 

6enzo(a)anthracene 

3,4-bPn2ofluoranthefle 

Benzo ( k ) f luoranthene 

l,12-ben;o  perylen* 

Bifenox 

Bi phenyl 

Eii(2-chloroethoxy)niechane 

8is{2-chloroi  sopropyl  )ether 

91s(2-ethylhexyl)phth*late 

p-Bru-noanisole 

Bronwform 

4-3ronophonyl    phenyl   etner 

Bropoxynil 

Buctrll 

t-Butylamlne 

Butyl   benzyl   phthalate 

Butyl   qlycidyl  ether 

Camphor 

Chloroacetaldehyae 

2-Chloroacetophenone 

Chlorobenjent 

Chlorobenzllate 

Chi  orod  \  bromomettune 

2-Chloroethyl    vinyl    ether 

2-Chloronaohthalene 

4-Chlorophenyl   phenyl  ether 

Chrysene 

Diben2o(a,h)anthracene 

Dichlorobromomo thane 

Dlchlorodifluorone thane 

1 ,1-dichloroethine 

1.2-d1chloroethane 


1 ,1-Dichloroethylene 

1 ,2-trans-dichlcr-o  ethylene 

1 ,3-Oichloropropylene 

2(0iethyla?iino)ethanol 

Diethyl   phthalate 

N.N-Dinethylacetamlde 

2,4-Ditnethylphenol 

Dimethyl  phthalate 

4,6-01nitro-o-cresol 

2,4-0initn)phenol 

2,4-Olnitrotoluene 

Dl-n-octyl  phthalate 

Oioxathlon 

Ethanethio) 

Ethyl  benzene 

Ethylene  thiourea 

Fluoranthene 

Fluorene 

FuJIthlon 

Heptschlor  epoxide 

Heptachlorostyrcni 

Hexachloroethane 

Indeno(l,2,3-cd)Dyrene 

Isophorone 

Kathon 

Ketene 

Mercaptobenzothiazole 

N-Hethylaniline 

Methyl -benzimidazole  carbomite 

Methyl  bromide 

Methyl  chloride 

Methylene  bisUbiocyanate) 

Methylene  chloride 

a -Methyl  naphthalene 

HABAW 

Nitrobenzene 

N-Nitroso-dl phenyl  amine 

N  Hi  troso-di -N-propyl amine 

m-Ni trotoluene 

o-N1tn)toluene 

p-Nitrotoluene 

Octachlorostyrene 


Pentabromobcnzene 

Pcntabronotoluene 

Fhcnanthrene 

Pheriylhydrazine 

Potassium  titanate  fiber 

Pyrene 

Tetrachl crobenzene 

1,1,2,2-Tetrachloroethine 

Toluene 

1,2,3-Tr jchlorobeniene 

1,2,4-Trlchlorobenzene 

1.4,6-Trlchloroben2ene 

1,1,1-Trlchloroe thane 

1,1,2-Trichloroethane 

Trichlorof luoronethane 


APPENDIX  4:  List  of  Priority  Chemical  Substances  for  Further  Evaluation 
by  the  1980  CMR  Advisory  Committee 


I.   Chemicals  obtained  from  Lhe  lARC  Monographs 
on  the  Evaluation  of  Che  Carcinagenlc  Risk 
of  Chemicals  tc  Hu=ans. 

A.  lARC  Humap.  Positive 

N,N-Bi3(2-chloroethyl)-2-naphchylanine 

Diechylscilbestrol 

Melphalan 

t^stard  gas 

B.  lARC  Potential  Human 

Beryllium  &    Beryllium  compounds 

Chlorambucil 

Cyclophosphamide 

Dimechylcarbamoyl   chloride 

Dimethyl   sulfate 

Ethylene   oxide 

Oxymetholone 

Pheoacetin 

Tr Is ( 1-ai ir id Inyl) phosphlne  sulf  ide 

C.  lARC  Animal  Positive/Potential  Animal 

Actinomycins 

0-Amlnoazo toluene 

:-Amlno-5-(5-nitro-2-furyl) -1.3, 4-Th iadlazole 

At am  ice 

Azaserine 

Benzo[bl f luoranthene 

Benzyl  violet    3B 

B-Buryolactone 

Chloramphenicol 

Citrus   Red   No.    2 

C/casln 

Daunomycln 

.S.N'-Diacetylbenzidine 

4,4 '-Diaminodiphenyl   ether 

2  ,4 -Diamine toluene 

Dibenz[a,h]acridine 

Dibenzia,j  JacriJine 

7H-Dibenzo[c,g] carbazole 

Dibenzo(a,e!pyrene 

Dibenzo(a,h]pyrene 

Dibenzo[a, i] pyrene 

1 , 1-DichloroeChane 

3,3'-Dlchloro-4,4  '-diamlnodi phenyl   ether 

1,2-Diethylhydrazine 

Diethyl   sulfate 

Dihydrosaf role 

3,3  '-Dimethoxybenzld tne 

t-2 [(Dime thy laoinc) me thy limine  1-5- ( 2- 

(S-nitro-2-furyl)vinyl]-l,3,4-oxadiazole 
3,3  '-Dlmethylbenzidine 
l,4-Dioxai\e 
Ethlnyloestradlol 
Ethylme thane sulphonate 

2-(2-Formylhydrazino)-4-(5-nitro-2-furyl) thiazole 
Haematite    (Ferric   oxide) 
Uexomethylphosphor amide 
Ideno[ 1,2, 3-cd J pyrene 
Isonicotinic   acid   hydrazide 
Lasiocarpine 
Merphalan 
Mestranol 
Methylazoxymethanol   acetate 


4,4'  -.Methy  lenebls(2-aechy  laniline) 

.Methylmethanesulphonate 

N-Methyl-N' -nit ro-N-nitrosoguanidine 

Methylthiouracil 

Mitomycin  C 

Monocrotaline 

5-(Morpholinomethyl-3-[  5-nitro-f  urfurylidene) -aniinol 

-2-oxazolidinone 
Nirldazole 
5-Nitroacenaphthene 

1( (5-Ni tor furfurylldene) amino )-2-imidazolIdine 
N-[4-(5-Nitro-2-turyl)-2-thiazolyllacetamide 
Nitrogen  Mustard 
Nitrogen  Mustard  Hydrochloride 
Nitrogen  Mustard  N-oxide 
Nitrogen  Mustard  N-oxide  Hydrochloride 
N-Nitrosodi-n-butylanlne 
N-Nitrosodi«chanolamine 
N-Nltrosodimethylamine 
N-Nitroso-n-ethylurea 
N-Nl trosomethy le thv lamine 
N-Nitroso-N-methylurea 
N-Nltroso-N-me thy lure thane 
N-N i t ro some thylviny lamine 
N-Nitro8omorpholine 
N-Nitrosonornlcotine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
N-Nltrososarcosine 
Oe3tradlol-17B 
Oestrone 
Oil  Orange  SS 
Pheaobarbi tal 
Phenylbutazone 
N- Pheny 1-2 -naph thy lamine 
Phenytoln 
Phenytoin  sodium 
Ponceau  MX 
Ponceau  3R 
Propylthiouracil 
Reserpine 
Saf role 

Sterigmatocystln 
Streptozotocin 
Testosterone 
Thioacetamlde 
0-Toluldine 

TrlB(azlridinyl) -p-benzoquinone 
Trypan  blue 
Uracil  mustard 
Urethane 
Vinylidene  chloride 


II. 


Chemicals  obtained  from  the  National  Cancer 
Institute  Carcinogenesis  Technical  Report  Series 


Acronyclne  (drug) 

2-Aminoanthraqulnone 

3-Aiiiino-4-ethoxyacetanilide 

3-Amlno-9-ethylcdrbazole    'hydrochloride) 

1- Amino- 2 -B;e  thy  Ian  thraqui none 

4-Amino-2-nitrophonol 

2-Anino-5-nltrothlazole    (drug) 

Aniline  hydrochloride 

O-Anisidine   hydrochloride 

Azobenzene 

B-TCDR  (drug) 


APPENDIX  4:      (continued) 


CViloramben 

J-(Chlororact.hyl)pvrlJlne   hydrochloride 

^-Chloro-m-phenylenedlamlne 

4-Chloro-o-phenylenedlamlne 

•i-Chloro-o-coluidina  hydrochloride 

5-Chloro-o-tol')ldine 

C.I .    Vat   yellow  4 

m-Cresldlne 

p-CresIdlne 

Cupf erron 

p ,  p ' -DDE 

2,4-Diainlnoanisole  sulfate 

Diaminczlde 

Dlcof ol 

N,N'-Dlethylchloure« 

3,3 '-Dimethoxybenzldine-4,A'-Diisocyanate 

Direct  Black  38 

Direct  Blue  6 

Direct  Brown  95 

2,5-Dithioblurea 

lCRF-159  (drug) 

IPD  (drug) 

Isophosphamlde 

2-Methyl-l-Nitroanthraquinone 

1,5-Naphthaleae<]ianine 

Nithiazide 

5-Nltro-o-Aiilsldine 
Nitrofen 

2-Nitro-p-PheDylenediaiBine 
K-Nitrosodiphenylamlne 

p-Nitrosodiphenylanine 

5-Nitro-o-toluldlne 

Phenazopyridinc  hydrochloride 

Pher.esterin  (drug) 

Fheno/cybenzamine  hydrochloride  (drug) 

Piperonyl  sulfoxide 

Pivalolactone 

Sulfallale 

Teirachlorvinphos 

4,4  '-Tliiodianlline 

0-Toluidlne  hydrochloride 

2,4  ,5-f rims  thy lanlline 

Trinechyl phosphate 

Trimechyl thiourea 

III.   Chemicals  designated  by  the  staff  of  the 
Office  of  Toxic  Materials  Control  as 
Pot.^r.tial  Hazardous  Substances. 

N-Aretoxy-4-Acetaniidostllbene 

Acfctoxyacetylaminof luorene 

2-.\mino-6-nltrobenzothlazole 

6-Ainlnochry3ene 

Azoxynethaae 

5-Broniodeox>  uridine 

:."-Butyl(N-(4-hdroxybutyl)nitrosamlne 

Captafol 

4  Cnloro-2-methylaniline 

4-Chloro-2-nitroaniline 

C  I  Basic  Violet  1 

C  I  Pigment  Red  3 

C   I   Pigment  Red   23 

C   I   Pign-ent  Yellow  74 

2  ,2-Dibrono-3-nitrilopropionai"lde 

1 ,8-dihydroxy-4 , 5-dinitroanthraqulnone 

Dime  thy laminostilbene 

2,4-rinitroanlllne 

E thy loxalpha-p-chlorophenoxyisobuty rate 

2,  7 - Fluor enylenebisacet amide 

Glycidylatrylate 

Glycidylmethacrylate 

Clypyosphlne 

Cranosan 

4  Hydroamlnoqutnollne-1-oxlde 

Malachite  Green 

Manganese  Sulfate 


8-Mi'thoxys;ioralen 

'•lethyKaceloxvinethyDnlirosamioe 

l-Methyl.iminoanthroquinone 

Methylaiioyonemethanol   Acetate 

3-Methylcholanthrene 

5-MPthylchrysene 

3 '  -Iiethyl-4-dliDechylarainoazobenzene 

N-Methylfonnamide 

2-methyl-l-nitro  anthraquinone 

N-methyl-N-nitro-N-nitrosoguanldlne 

4-Nitriloquinoline-l-oxlde 

0-Nitroanisole 

Kitrosyl  Chloride 

Phenylglycidylether 

12-0-Tetradecoylphorbate-13-acet«te 

Styrene  Oxide 

Trlaminoguanidlne  nitrate 

2,4,5-Trichlorophenoxyethanol 

Trie thy lenemelanlne 

IV.   Chemicals  selected  to  be  evaluated  for  the 
Air  Priorities  List. 

Acetic  anhydride 

Allyl  alcohol 

2-Aininoethanol 

p-Anisidine 

p-Benzoquinone 

Benzoylchloride 

Blphenyl 

1-Eutanethlol 

t-Butylamlne 

D-tert-Butyl toluene 

Canphor 

2-Chloroacetophenone 

Chlorobenzene 

o-Chlorober.zylidene  Malonltrile 

Crotonaldehyde 

Diazoraethaoe 

l,3-Dichloro-5,5-dimethylhydantion 

2-(Dimethylamino)ethanoi 

2,2' -Diethvlenetriamine 

Dltsoorooylamine 

N,N-dime thy lace tamlde 

Dimethylamine 

N,N-Dlmethylanillne 

N,S-Dimethylfomamide 

1 ,3-Dinitrobenzene 

Diphenylamlne 

Ethanamine 

Ethanethlol 

Ethylenedlamlne 

Isopropylanine 

Malelc  anhydride 

N-Methylanallne 

Methyl  iodide 

p-Nitroanlline 

Nitrobenzene 

2-Nitropropane 

m-Nltrotoluene 

o-Nitrotoluene 

p-Nl trotoluene 

Phenyl  ether 

Phenylhydrazine 

Phosgene 

Phthallc  anhydride 

Propylene  oxide 

Pyridine 

Te t r an itrome thane 

o-Toluldine 

Xylene 


2.0   NIAGARA  RIVER  TOXICS  COMMITTEE  ASSESSMENT 
CRITERIA  ( NRTC ) 


Extracted  from! 


The  Niagara  River  Toxics  Committee.  1984.   Report  of 
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6.1     Introduction 

One  of  the  principal  tasks  of  the  Niagara  River  Toxics  Committee  was 
to  assess  the  significance  of  the  types  and  levels  of  chemicals  found  In  the 
Niagara  River  and  Its  Immediate  tributaries.  The  eastern  end  of  Lake  Erie 
and  the  western  end  of  Lake  Ontario  were  Included  as  Indicative  of  chemicals 
entering  and  leaving  the  river,  respectively. 

Chemicals  were  selected  from  ambient  monitoring  reports  from  both 
lakes  and  the  Niagara  River,  and  Included  those  substances  found  both 
quantitatively  and  qualitatively  In  biota,  sediment,  and  water.  Only 
chemicals  found  1n  ambient  data  were  used,  and  not  chemicals  found  In  point 
source  or  non-point  source  data. 

267  chemicals  were  Identified.  Of  these,  Iron,  sulphur, 
cholesterol,  vanillin,  aluminum,  and  silicon  were  excluded  because  they  were 
considered  to  be  of  natural  origin  and  minimal  toxicologlcal  concern.  The 
remaining  261  chemicals  formed  the  universal  Inventory  for  which  the  NRTC  was 
to  establish  some  sense  of  priority  for  future  monitoring  and  control  action. 

The  original  strategy  was  to  sort  the  chemicals  Into  groups  that 
could  be  ranked  according  to  priority:  (1)  chemicals  requiring  Immediate 
action,  (11)  chemicals  requiring  continuing  monitoring  or  further 
Investigation,  and  (111)  chemicals  of  no  concern.  The  priority  for  action 
within  groups  (1)  and  (11)  was  to  be  established  by  comparing  existing 
environmental  levels  with  environmental  and  health  criteria. 

The  paucity  of  data  on  environmental  levels  and  of  Information  on 
the  characteristics  of  the  contaminants  made  It  difficult  to  establish  the 
three  Individual  lists  Identified  above.  Furthermore,  ranking  within  groups 
was  extremely  difficult  due  to  the  lack  ot  existing  criteria  and  major  gaps 
In  Information  about  the  nature  and  Impact  of  most  of  the  contaminants.  It 
was  decided  that  a  screening  mechanism  was  needed  to  enable  the  division  of 
the  large  number  of  chemicals  Into  smaller,  more  workable  groups  before 
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attempting  to  establish  a  priority  ranking  within  each  of  the  three  basic 
groups . 

6.2     Screening  Procedure 

The  screening  mechanism  that  was  developed  to  rank  chemicals  Into 
groups  evolved  from  an  Intensive  data  collection  and  validation  procedure. 
All  chemicals  were  checked  to  assure  positive  Identification;  all  sources, 
both  published  and  unpublished,  were  researched  extensively. 

Three  major  types  of  Information  were  used  In  the  chemical  screening 
methodology: 

1.  Criteria  Information:  These  criteria  were  developed  by  several 
agencies  and  were  based  on  the  protection  of  aquatic  life. 
Impact  on  human  health,  etc.  In  each  case,  the  most  stringent 
criterion  was  used . 

2.  Chemical  and  toxicologlcal  Information:  Data  collected  on 
bloaccumulatlon  and  acute  toxicity  were  used  when  available. 
Additional  health  parameters  were  Introduced  Into  the  screening 
process  through  the  use  of  the  International  Joint  Commission 
(IJC)  Health  Effects  Committee  (HEC)  report,  and  the  Acute 
Effects  Ranking  (AER)  system,  an  adaptation  of  the  Michigan 
Critical  Materials  Register  scoring  methodology. 

3.  Environmental  occurrence  Information:  Data  were  submitted  by 
the  respective  Jurisdictions  participating  In  the  Niagara  River 
Toxics  Project. 

Appendix  D  outlines  the  step-by-step  procedure  used  In  the  chemical 
screening  process,  and  provides  a  complete  reference  to  all  sources  used. 
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6.3     Data  Limitations 

It  should  be  recognized  that  using  available  Information  to  screen  a 
large  number  of  chemicals  has  Inherent  problems.  The  Committee  considered 
Information  availability  In  designing  the  screening  process,  and  Information 
reliability  and  relevance  In  applying  Information  at  the  various  decision 
points  In  the  screening  process.  In  cases  where  there  was  more  than  one 
source  of  Information  to  be  considered  at  a  decision  point,  the  Information 
source  which  would  classify  the  chemical  Into  the  group  of  greatest  concern 
was  applied,  that  Is,  the  most  stringent  criterion.  The  policy  of  using  the 
most  stringent  criteria  may  not  be  the  most  relevant  on  a  case-by-case 
basis.  However,  It  ensures  that  In  a  broad-scope  screening  process,  the 
potential  of  a  chemical  to  be  of  concern  Is  overestimated  rather  than 
underestimated. 

Because  there  were  few  data  on  environmental  and  health  parameters, 
experimental  values  were  sometimes  used.  Many  of  the  environmental 
monitoring  reports  Identified  substances  In  terms  of  their  compositions, 
either  as  mixtures  (I.e.,  total  PCBs),  or  as  categories  (xylene  rather  than 
the  Individual  xylene  Isomers).  Since  the  activity  and  chemical 
characteristics  of  most  substances  are  dependent  upon  their  structure  as  well 
as  their  composition,  a  range  of  values  was  sometimes  available.  Where  this 
happened,  the  species  yielding  the  highest  AER  score  was  chosen  to  represent 
the  Isomer  group.  The  same  procedure  was  used  for  mixtures  such  as  PCBs. 

As  mentioned  above,  experimental  values  for  toxicity  and 
bloaccumulatlon  were  used  when  such  Information  was  available.  Estimated  Log 
K  (octanol/water  partition  coefficient  data)  values  were  used  for 
bloaccumulatlon  when  no  experimental  Information  was  available.  The 
Information  was  obtained  from  secondary  sources;  primary  literature  sources 
were  not  reviewed. 

All  Information  referenced  In  Appendix  D  Is  dated  post-1980, 
although  the  actual  environmental  data  may  have  been  collected  earlier.   AT 
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Information  was  accepted  as  received.  The  material  was  reviewed  to  determine 
the  highest  and  lowest  documented  environmental  levels  In  the  three 
respective  media  -  water,  sediment,  and  biota.  Neither  data  quality  nor  the 
details  of  the  monitoring  surveys  were  considered.  The  highest  environmental 
levels  may  represent  a  site  specific  or  Isolated  high,  and  as  such  may  not  be 
Indicative  of  general  or  widespread  contamination  In  the  Niagara  study  area. 
The  relevance  of  the  values  requires  case-by-case  evaluation.  The  HEC's 
assessments  considered  exposure  potential  In  the  Great  Lakes  which  may  not 
necessarily  reflect  the  exposure  potential  1n  the  Niagara  River. 

Finally,  there  are  several  chemicals  which  have  been  detected  In 
municipal  or  Industrial  effluents  discharging  (see  Ch.  II)  Into  the  Niagara 
River  system  that  have  not  been  reported  In  ambient  data.  These  chemicals 
may  not  have  been  present,  or  may  not  have  been  looked  for,  or  may  have  been 
present  In  levels  too  low  to  be  detected.  As  a  result,  they  were  not  used  In 
this  screening  process.  This  suggests  that  data  gaps  other  than  those 
outlined  1n  this  chapter  still  exist. 

6.4     Results 

The  screening  process  resulted  In  the  division  of  the  chemicals  Into 
three  major  groups.  Group  II  was  further  subdivided  Into  seven  groups.  All 
nine  groups  are  listed  here  In  order  of  decreasing  concern. 

Group  I  -  By  definition  this  group  requires  Immediate  attention.  The 
chemicals  are  found  at  least  once  at  levels  equaling  or 
exceeding  criteria,  or  they  are  considered  to  pose  risks  to 
human  health  or  the  environment  based  on  the  HEC  and  A£R 
screens.  All  Group  I  chemicals  have  been  positively 
(quantitatively)  Identified.  Each,  because  of  Us 
environmental  levels.  Is  recommended  for  source  testing  to 
determine  Us  origin.  Group  I  chemicals  require  surveillance 
to  determine  their  spatial  and  temporal  trends  In  each  medium 
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The  majority  of  Group  I  chemicals  lack  criteria  for  at  least 
one  environmental  medium.  All  but  five  Group  I  chemicals  have 
been  assessed  by  the  Health  Effects  Committee.  These  five 
require  an  HEC  or  similar  evaluation. 

Group  IIA  -  Group  IIA  chemicals  fall  only  slightly  lower  In  priority  than 
those  In  Group  I.  Although  their  environmental  levels  have  not 
violated  any  criteria,  all  Group  IIA  chemicals  have  been 
assessed  by  the  Health  Effects  Committee  and  are  considered  to 
represent  potential  health  hazards.  Like  Group  I  chemicals, 
the  chemicals  In  Group  IIA  are  suggested  for  surveillance  to 
determine  their  spatial  and  temporal  trends  to  ensure  that 
their  levels  remain  below  criteria  levels.  Since  most  Group 
IIA  chemicals  are  also  Group  I  chemicals  (because  of  their 
levels  In  another  environmental  medium),  these  will  require 
source  testing. 

Group  IIB  -  All  Group  IIB  chemicals  have  been  assessed  by  the  Health 
Effects  Committee  and  have  been  found  to  be  of  concern.  They 
are  therefore  much  like  Group  IIA  chemicals,  except  that  their 
AER's  have  been  calculated  based  on  only  one  data  element. 
More  characteristics  data  are  needed  to  define  the  significance 
of  these  chemicals.  By  looking  at  Figure  D.2  In  the  detailed 
explanation  of  the  screening  process  contained  In  Appendix  D, 
the  similarity  between  Group  IIA  and  IIB  Is  more  obvious.  This 
similarity  also  exists  between  Groups  IIC  and  110,  Groups  HE 
and  IIP,  and  Groups  III  and  IIG.  The  groups  on  the  left  side 
of  the  figure  have  less  Information  available  to  make  a 
categorical  statement  based  on  the  AER.  In  other  words,  more 
characteristics  data  are  required  for  groups  on  the  left  side 
of  Figure  D.2. 
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Group  lie  -  All  chemicals  1n  this  group  require  an  evaluation  by  the  Health 
Effects  Committee.  Only  a  few  of  the  Group  IIC  chemicals  have 
Information  relating  to  bloaccumulatlon  (BCF).  In  general, 
these  chemicals  require  attention  to  their  characteristics, 
criteria  development,  and  assessment  and  warrant  some  limited 
monitoring . 

Group  IIP  -  As  discussed  under  Group  IIB,  Groups  IIC  and  IID  are  very 
similar.  Group  IID  does,  however,  require  more  attention  to 
Us  characteristics  as  there  were  only  enough  data  available  to 
calculate  the  AER  based  on  one  data  element.  Like  Group  IIC, 
no  Group  IID  chemicals  have  been  evaluated  by  the  Health 
Effects  Committee.  A  significant  number  of  Group  IID  chemicals 
have  only  been  Identified  qualitatively.  They  require 
additional  monitoring  to  confirm  their  existence. 

Group  HE  -  Although  Group  HE  chemicals  have  been  found  to  be  of  no 
concern  by  the  Health  Effects  Committee,  their  AER  scores 
Indicate  that  a  problem  could  exist.  Since  half  of  these 
chemicals  are  also  Group  I  chemicals  (1n  another  medium),  some 
attention  should  be  paid  to  them  during  environmental 
monitoring.  Development  of  criteria  should  also  be  considered. 

Group  IIF  -  As  the  analogue  to  Group  HE,  Group  IIP  chemicals  also  require 
attention  to  the  development  of  criteria  and,  to  a  limited 
extent,  to  monitoring.  The  bulk  of  the  effort  to  address 
Information  gaps  for  chemicals  In  this  group  must  be  placed  on 
their  characteristics  so  that  a  more  thorough  assessment  can  be 
made  of  the  significance  of  these  chemicals. 

Group  HG  -  Group  IIG  chemicals  are  considered  to  require  little 
attention.  They  have  been  Judged  by  the  Health  Effects 
Cormlttee  to  be  of  no  concern.  Based  on  their  AER  scores,  they 
are  not  potential  threats,  although  their  AER's  were  calculated 
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using  only  one  data  element.   Some  effort  should  be  devoted  to 
obtaining  additional  characteristics  data  for  these  chemicals. 

Group  III  -  Group  III  chemicals  require  very  little  attention.   Their  HtC 
evaluations  and  AER  scores  are    such  that  priority  need  not  be 
given  to  these  chemicals. 

.6.5       Future  Action 

Even  though  general  statements  can  be  made  about  each  group,  each 
chemical  within  that  group  Is  unique,  and  considerable  variability  between 
chemicals  can  occur  within  a  group.  Some  of  the  factors  contributing  to  this 
Intergroup  variability  are  a  chemical's  AER  ranking  and  HEC  evaluation, 
whether  the  chemical  was  found  qualitatively  or  quantitatively,  the  medium  In 
which  was  Isolated,  when  1t  was  Identified,  how  often  It  was  Identified,  and 
1n  which  It  geographic  locations.  Because  of  these  varied  and  uncontrollable 
Influences,  1t  was  not  possible  to  rank  the  chemicals  within  each  group  In 
order  of  priority.  It  was  therefore  decided  that,  for  each  of  the  nine 
groups,  specific  recommendations  should  be  made  for  each  chemical.  Table  6.1 
Identifies  areas  where  environmental  monitoring  and  research  Is  required  to 
fin  some  of  the  gaps  In  the  current  data  base. 

It  Is  possible  for  any  one  chemical  to  be  found  at  varying 
concentrations  In  each  of  the  three  environmental  media  (water,  biota, 
sediment).  This  preference  Is  Influenced  by  a  number  of  factors,  for  example 
the  chemical's  characteristics  and  method  of  entry  Into  the  environment.  The 
sampling  and  analytical  methods  may  also  Influence  the  relative  proportion  of 
the  chemclals  detailed  In  each  of  the  three  media.  Therefore,  It  Is  possible 
for  a  chemical  to  be  of  major  concern  In  one  medium  but  represent  no  risk  at 
all  In  another.  For  that  reason  some  chemicals  appear  In  more  than  one  group 
In  Table  6.1.  By  making  this  type  of  distinction  between  media,  It  becomes 
easier  to  determine  what  specific  action  Is  needed  for  each  chemical.  The 
amount  of  attention,  and  therefore  the  time  and  cost  necessary  to  address 
each  chemical,  can  be  more  readily  determined. 
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Each  chemUal  In  Table  6.1  U  followed  by  a  letter  (either  S.  W. 
or  B)  to  Indicate  to  which  medium  that  particular  group  assignment  applies. 
For  example,  1n  Group  III  benzene  Is  listed  followed  by  an  S.  This  means 
that  the  benzene  contamination  of  sediment  1s  considered  to  be  minimal  and 
therefore  It  was  assigned  to  Group  III.  Benzene,  however,  was  also  Isolated 
1n  water.  Its  level  1n  water  was  such  that  It  Is  considered  to  be  a  major 
priority;  therefore,  benzene  also  appears  as  a  Group  I  chemical.  Many 
chemicals  appear  In  only  one  group.  To  reflect  the  fact  that  dual  group 
assignments  can  occur,  Table  6.1  contains  notes  which  cross  reference  one 
group  with  another.  As  an  example,  benzene  in  Group  I  Is  referenced  to  Group 
III  and  vice  versa. 

The  remaining  columns  In  Table  6.1  contain  the  recommended  actions 
for  monitoring,  characteristics,  and  assessment  activities.  The  monitoring 
column  contains  four  sub-headings;  source,  confirmation,  trend,  and  media. 
An  X  In  the  source  column  Indicates  point  and  non-point  source  testing  Is 
warranted  to  determine  the  chemical's  origin.  All  Group  I  chemicals  require 
source  testing. 

Chemicals  found  qualitatively  only  In  a  particular  medium  are 
Indicated  In  the  confirmation  column  with  the  letter  symbolizing  the  medium 
In  which  they  were  Identified.  These  chemicals  require  further  monitoring  to 
confirm  their  presence  In  that  particular  medium. 

Chemicals  considered  to  be  of  such  Importance  that  their 
environmental  trends  should  be  determined  through  a  regular  surveillance 
program  are  marked  In  the  trend  column.  All  Group  I  and  Group  IIA  chemicals 
fall  Into  this  category.  Group  IIA  chemicals  were  Included  because,  although 
their  environmental  levels  are  currently  below  criteria,  they  are  considered 
by  the  HEC  to  represent  potential  health  hazards.  As  such,  lt  Is  Important 
to  determine  whether  their  levels  Are  Increasing,  and  thereby  raise  them  to 
Group  I  status. 
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The  media  column  Indicates  the  specific  medium  In  which  each 
chemical  should  be  sampled.  All  chemicals  referenced  to  a  particular  medium 
(sediment,  water,  biota)  In  the  confirmation  and  trend  columns  are  also 
referenced  In  the  media  column.  In  addition  to  this,  chemicals  found  In  a 
lower  concentrating  medium,  but  for  which  no  data  exist  for  a  higher 
concentrating  medium,  are  also  referenced  In  the  media  column.  For  example, 
biphenyl  Is  a  Group  III  chemical  found  In  sediment  and  water.  No  data  are 
available  for  biota.  Since  biota  and  sediment  contaminant  levels  are 
generally  higher  than  water  levels,  1t  would  seem  prudent  to  check  biota  for 
biphenyl  to  determine  whether  It  would  be  of  concern  In  this  medium. 

The  four  sub-headings  (LC50.  LD50,  Log  K^^.  BCF)  under  the 
characteristics  column  are  self  explanatory.  Xs  are  used  to  Indicate  where 
data  are   missing. 

The  assessment  column  contains  two  sub- headings ;  criteria  and  HEC. 
The  criteria  column  Indicates  the  media,  for  those  In  which  the  chemical  was 
Identified,  for  which  no  criteria  are  available.  An  X  In  the  HtC  column 
Indicates  that  either  the  chemical  has  not  been  considered  by  the  HEC,  or 
there  was  Insufficient  data  for  the  HEC  to  conduct  an  assessment. 

Other  recommendations  which  arose  from  classifying  these  chemicals 
Into  groups  are  Incorporated  Into  the  previous  section  (6.4). 


3.0   WORK  OF  THE  PRIORITY  LIST  WORKING  GROUP,  ONTARIO 
MINISTRY  OF  THE  ENVIRONMENT 

CanTox  Inc.,  SENES  Consultants  Ltd.  and  the  Ontario 
Ministry  of  the  Environment.   Priority  List 
Working  Group.   Part  I  Report;   Vector  Scoring 
System  for  the  Prioritization  of  Chemical 
Contaminants,  Draft  Report  [unpublished  report 
dated  1986]. 


ONTAJ^IO  MINISTRY  Of  THE  ENVIRON>CNT  SC«EEH  III  PARAMETERS 

INTRODUCTION 

The  following  generally  accepted  parameters  have  been  developed  to  determine  the  concern  level  for 
a  chemical  In  the  environment.  These  parameters  ore   a  subgroups  of  the  parameters  In  a 
methodology,  presently  being  developed  for  the  Ministry  of  the  Environment,  for  assessing  the 
relative  environmental  hazards  of  chemical  contaminants.  The  magnitude  of  the  score  assigned  to 
each  parameter  reflects  the  level  of  concern  arising  from  that  property  of  a  chemical. 

1.  Envlrowantal  Behaviour  Fmrmmtmr% 

Range  of  scores:  0-10  for  all  parameters  a.  to  c.  except  Environmental  Transport  which  Is 
0-4. 

a)  Environmental  Transport 

b)  Environmental  Persistence 

c)  Bloaccumulatlon 

2.  ToxlcltY  Paraaeters 

Range  of  scores:  0-10  for  all  parameters  a.  to  g. 

a)  Acute  Lethal Ity 

b)  Sub-Lethal  Effects  on  Non-Mammalian  Animals 

c)  Sub-Lethal  Effects  on  Plants 

d)  Sub-Lethal  Effects  on  Mammals 

e)  Teratogenicity 

f)  Genotoxiclty/Mutagenlclty 

g)  Carcinogenicity 

In  addition  to  the  numerical  value  assigned  to  a  parameter,  various  symbols  are  used  to  Indicate 
special  concerns  regarding  the  source  of,  or  confidence  In,  the  underlying  data: 

If  the  data  required  are  not  available,  an  asterisk  (*)  Is  assigned  to  that  parameter 
rather  than  a  miner  lea  I  score. 

If  the  data  used  are  questionable  (e.g.,  data  lacking  In  documentation,  data  derived 
with  outdated  metmds),  a  score  Is  assigned  to  the  parameter,  but  It  Is  "tagged"  with  a 
question  mark  '»■  to  Indicate  doubt  regarding  the  confidence  In  the  data. 


I(     fS«-    rlflta    us<'C)    In    th*^    >(•.  sl^nnt->rit    of    O    prtrniT>-trr    <icorf    I  <.    "llmUfd",     th'^    scor-^    'o--    thnt 
param-ter    Is   "tagged"   with    an    "L " .      This    Indicates   that    a  score   was    ass'qnod,    bu»    duo    to 
tho   nature   of    the    roaJliy    available    data,    conllctence    In   the    score   was    less   than    It    a 
more   comprehensive    data   set   had  been   used.      In    many    Instenc»s,    additional    data  would 
either    remove   the    "L"    designation   and  confirm  the   score,    or   result    In   a   higher    score. 

"L"  was    also  used    If    the    scoring  criteria    were  not    completely   met    (e.g.    In   the    case   of 
teratogenicity   ot  exposure    levels  of    greater   than   1000  mg/kg/day,    no  criteria   fits   this 
so  a   score  of   "OL"  woo  Id   be  assigned). 

If   the   data  used   ore   perceived  as   representing  a  worst-case  scenario  (e.g.,    toxicity 
data   frcm    Intravenous   odmlnlstrat Ion),    the  score  tor  that  parameter    Is   "togged"  with   on 
excloMotlon  nork    (!)• 

If    the    data   used    In    the   assignment    of    a   parameter    score   are  estimated    frcm  environmental 
RDdellIng   techniques   or    structure-activity    relationships,    the    score   for    that    parameter 
Is  "tagged"  with   a   superscript   "e". 

These   "tags"  may    be  taken    Into  consideration    when   the   chemical    Is    reviewed. 


-  5  - 

1 .       Environ— wt<l   B»>>«v1owr  Parwtirt 

(a)     ENVIWWHENTAl.  TRANSPORT 

R«tlaM«l« 

This  parametsr   describes  the  transport  of   chemicals  between  envlrc30i»ental   media.     Tho 
environmental    transport  of    a  chemical    is  an    Important    factor    in  evaluating    Its  potential 
environmental    and   health   hazards.      I  ntei — media  transport  can   be  observed   during    field   studies  or 
by  undertaking  microcosm  studios   In  a    laboratory,   but  relatively    few  substances  have  been   studied 
using  such  techniques.     One  way  to  estimate  the  environmental    transport  characteristics  of   a 
chemical    Is  to  use  a  simple  mathematical   model    such  as   the  ^ugaclty  Level    II    model. 

The  Fugaclty  Level    II    model    estimates  the  equilibrium  distribution  of    a  chemical    released    to  the 
environment.     The  environmental   media  considered   are  air,    water,    soil,    sediment  and   biota.     The 
model   requires   Information  about  both   the  che^l!ca^   and  receiving  envlronraent.     The  necessary 
chemical    properties  are  molecular    weight,    solubility,    vapour  pressure,    and    the  octanol-water 
partition  coefficient.      Approximate  constants    for   key  environmental    (processes  and  an  estimate  of 
overall   environmental    half-life  are  also  needed.     Each  of   the  environmental    media  must   be 
characterized.     These  characteristics  are   Influenced  by   the  size  of   the  area  being  considered 
(MacKay  and  Paterson,   1981). 


Scoring  Criteria 

The  criteria   for    this   pafomtiiei     use  results    f'"om  env  Ironme^^al    models. 

In    addition,    tha-e   c  .s   criter'a    fo'    sub5*3nces   th»*    ^n    'nrntt'.j    fl<;>^- -' a*ed    »lth    fln« 
^a'-  +  !cies    (generally    lass  than    10    um    In    sizq).      Examples  are    '  I  ne   sartldes  associated   with 
Incinerator   processes. 


>»   scoring   cr:ror',3    *;r    —  ' '■   ,-. jrametor    are    !'.    'ciio-s: 

PA«A>CTER 

sa»E CSITTRIA 


At    loast   *«o  nod'a   other    •■'lan    the   receiving  ■nedlj'fl,    ench   con  +  jli'ag   more   than    20j 

of    the  che«;cal    raloased; 

OR 

•ost   of   trx,  ch^lcal    Is  associated  «Ith   fine  particles  wtwn  released   Into  the 

eflvlrorvwnt. 


3  One  or  inore  «edla  other   than   the  receiving  medium,   each  contain   lOi   to  20j  of    the 

chemical    released; 


2  One  or  more  media  other   than    the  receiving  medium,   each  contain  5t    to  101  of    the 

chemical    released; 


0  Less   than  5J  of    the  chemical    released   partitions    Into  media  other   than   the 

receiving  medium; 


Siig9»st«4    lnfora«t1oN  So«rc*s 

Lyman  et   al ..    1982  - 

A  comprehensive  reference  of  published  values   and   estimation  methods   for   various   physical    and 
chemical    properties. 

Verschueren,    1983  - 

A   handboot^   of    environmental    data    for  organic  chemicals- 

ENVIROFATE   and    I  SHOW  databases  - 

Contain   solubility,    /lO'iur   pressure,    partition   coefficients    for   many  chemicals- 

ICF    Inc.,    1985   - 

Cont'ilns    tabulations   of    physical,    chemical    and    fate   data    for   many   organic    substances   a.^  1 
el  antents . 


Ml  I  Is  et  al ..    1982  - 

A  compilation  of   physical,    chemical    and    fat©  data    for  many  organic   substances. 

Mockay  and  Shiu,    1981    - 

A  compilation  of   physical    and  chemical    parameters    for   organic   substances- 

Kenaga  and  Goring,    1980  - 

A  compilation  of   solubility,    sorption   and  K^^  data. 

Clayton  and  Clayton,   1981    - 

A  comprehensive  reference  of    Information  on   Industrial    chemicals. 

Karlckhoff,    1984  - 

Discussion  of   sorption  processes   In  general    and  Kq^/K^^  values    In   particular. 

Affloore  and  Hautala,    1983  - 

Information  on  volatilities  of    Industrial   chemicals- 

Neely  and  Blau,   1985  - 

Contains  physical,   chemical    and   fate  data  and  estimation  methods. 


(b)     EWIROWefTAL  PERSISTEWCE 

RatloNcI* 

This  parameter   describes  the   tendency  for   a  chemical    to  persist    In   the  environment.     Substances   In 
the  environment  can  be  subjected  to  a  variety  of   processes    Including  sorption,    oxidation, 
hydrolysis,    photodegradatlon  and  blodegradat Ion.     The  net  result  of   such  processes  may  be 
expressed  as  the  overall    persistence  of   a  substance   In  the  environment.     When  quantified, 
persistence   Is  usually  expressed  as  the    length  of  time  required   for  one- ha  I f  of   the  original 
amount  of   a  substance  to  be  degraded.      It   Is  analogous  to  parameters  which  may  be  presented  as 
"rate  of    loss    In   natural    systems",    "overall    half-life",    or   "50J   recovery  time".      It    Is   also 
similar   to  the  "persistence"   parameter   calculated  by  fugaclty  models. 

Half-lives  of   chemicals  may  vary   from  seconds   to  thousands  of   years   (ICF    Inc.,    1985).      Short  half- 
lives  generally    Indicate  a    lower    level    of  concern.      For  example,   environmental    releases  of 
substances  with   ha  I f- I  Ives  of    less   than    a    few   days  often   wl I  I    not  result    In   sign  I f leant 
accumulation    In   1  he  environment.     Conversely,    those   with   half-lives  of    several    months   o--    longer 
can    lead  to  subslantlal    exposure  or   accumulation    In    the   food  chain. 


Scoring  Crlt«rla 

The  criteria    for    this  parameter    are  based  on   half-life  values  or  on   general    descriptors  of 
persistence.      If   scores  can  be  assigned   using  both  quantitative  and  qualitative  crltef-la,   the 
higher    score   should  be  used. 

If    half- II  fe  data   are  available,    they   will    usually  per  tain    to  specific  medl  a  as  opposed    to   general 
environmental    persistence.      This    Information  provides   an    Indication  of    levels  of   concern  regarding 
specific  media.      In   such  cases.    It    Is  recommended   that  the  media  providing  the  highest   score  be 
used. 

If   persistence  values  have  not   been  reported   and   cannot  be  estimated  by   using  environmental 
models,    other    types  of    Information  may  offer    guidance    In    developing  a   score   'or    this  parameter. 
For   example,    structure- activity  relationships    (SARs)    may   provide  general    Indications  of 
persistence   for   relatively   unknown    substances   structurally  similar    to  more    familiar    substances. 
To  assess   the  potential    blodegradabl I Ity  of   substances   In  wastewater   treatment  plants,    test 
methods  such   as  the   statlc-cul  ture-f  I  ask   and   shake) — flask    techniques   have  been   used    (for  example, 
see  Tabak   et   al  . ,    1981).      The  results  of    these   tests    In   general    show   good   agreement  with   published 
work  on   blodegradabl I Ity.      Substances  not   degraded   under    test   conditions   cannot    be  presumed    to  be 
Immune  to  microbial    action    In   the  environment.      Accordingly,    scores  derived    from  SARs  or 
blodegradabl! Ity  tests  should  be  tagged   with   a   superscript   "e",    a  question  mark,   or   exclamation 
mark    as  appropriate. 

PARAICTER 
SCORE C^UWIA 

10  Half- life  greater    than    100    days; 

OR 
designated  as  very  persistent 

7  Half-life  of  more  than  50   but    less  than  or  equal    to  100  days; 

OR 
designated   as  moderately  persistent. 

4  Half-life  of  more  than   10  but   less  than  or  equal    to  50  days; 

OR 
designated  as   slightly  persistent. 

0  Half-life  of    less   than  or   equal    to  10   days; 

OR 
designated   as  not  persistent 


Sa9g*st«d   Information  Source* 

ICF    Inc.,    1985  - 

Includes   canpllatlon  of   half-lives    In    several    media   for  organic   substances. 

Ml  I  Is  et  a  I . ,    1982  - 

Includes  compilation  of   half-lives    In    aquatic  media   for  organic   substances. 

Verschueren,    1983  - 

Includes  half-lives  and  blodegradabl  I  Ity   test  results   for  organic   substances. 

NRCC  -   National    Research  Council    of   Canada  Associate  Cowilttee  on   Scientific  Criteria    for 

Environmental   (Juallty  -  These  publications   Include  data  on  blodegradabl  I  Ity    for   specific 
substances. 

ENVIROFATE  database  - 

Contains  data  on   blodegradatlon  rates   for   chemicals  released  to   the  env  Ironineot . 

Tabak  et  al..    1981    - 

Includes  results  of  blodegradabl I Ity  studies  for  more  than  100  organic  substances. 

(C)  BIOAOCUMULATIOH 


This  parameter  describes  the  tendency  for  a  substance  to  accumulate  In  biological  systems.   In  the 
current  context,  the  term  bloaccumulat Ion  Is  Intended  to  convey  the  ability  of  a  substance  to 
accumulate  In  the  tissues  of  organisms.  The  tendency  for  certain  groups  or  classes  of  chemicals 
to  bloaccumul  ate  Is  well  docunented.  This  process  has  also  been  referred  to  as  bloconcentrat  Ion 
or  blomagnl f Icatlon  and  some  authors  have  assigned  various  distinct  definitions  to  these  terms  but 
for  purposes  of  this  assessment  those  differences  are  relatively  unimportant. 

One  of  the  parameters  frequently  used  to  express  bloaccumulat  Ion  Is  the  b  loconcentrat  Ion  factor 
CBCF).  Most  BCF  values  pertain  to  fish  or  other  aquatic  organisms  and  are  calculated  as  the  ratio 
of  the  concentration  of  a  substance  In  the  organism  (or  some  specific  tissue)  on  a  «et  weight 
basis  to  the  concentration  of  the  substance  In  the  water  at  steady  state  (Velth  et  al .,  1980). 
For  organic  substances,  values  of  BCF  range  from  about  '  to  more  than  1,000,000  (Lyman  et  al . . 
1982)  . 

B loaccumu 1  at  Ion  factors  have  also  been  determined  for  some  terrestrial  vertebrates  but  those  data 
are  less  abundant  and  more  difficult  to  locate  than  those  for  aquatic  organisms.   It  Is 
recommended  for  this  assessme.i^  ^hat  data  collection  e'^orts  first  focus  on  BCF  values  for  aquatic 
or  g  an  I  sm  s  • 


The   tend«ncy   of    substancss   to  Ci 'otiCCumu  1  ate    In    tissue    frequently   has   been   related    to 
hydrophob let ty   or    I Ipoph 1  I Ir ' ty    (Vel th  et   al ,    1980).      As    a   result,    various   regression    equations 
have  been   suggested    for  predicting  BCF   values    for    aquatic  organisms   based  on   the  octanol-«ater 
partition  coefficient   (Kq^)    and  other   physico-chemical    properties.      To  date,    those  that  use 
K       values   have  been   the  most  widely   Investigated  and  most   successful    (Lyman  et   al ..    1982; 
Geyer   et   al . ,    1 984 )  . 

Scoring  Criteria 

Scoring  criteria   for    this  parameter   are  defined    In    terms  of  either   BCF   or    log  ^^q^.      The 
correlation   between   the   two  sets  of   criteria    Is  based   upon   the    following  relationship   developed 
from  experimental    data  on  84   chemicals   (Velth   et   al  . ,    1980): 

log  aCF   =     0.76    log  K^  -  0.23 

Other   equations  have  been   developed  based   upon   various   groups  of    chemicals.      If    an  equation    Is 
available   that    Is   more   directly  applicable  to  a   substance  being  evaluated,    that  equation  can   be 
used. 

The  bloaccumul  atlon  of  compounds  with  relatively  high  K^^  values    Is    Influenced  by  the  degree 
to  which   a  compound  dissociates    In    water.      Equations    for   estimating  bloaccumu lat Ion   that    Include  a 
dissociation   term  have  not   been   reported.     For    this  parameter,    dissociation    has   not   been 
considered    In   the  determination  of    scores.      This  should   tend   to  produce  scraewhat  higher  scores 
than   warranted   for   some  organic  substances.     BCF   values  can   be  estlmrted  only  to  within   an  order 
of  magnitude  using  most  of   the  correlations  developed   to  date,    and    laboratory   test   situations  are 
Incapable  of  duplicating   field  situations   t  Lyman  et  al . .    1982).     Therefore,   the   consideration   of 
dissociation  effects  may  be  unimportant,    for   this  evaluation. 

If    scores  based  on   both   the   BCF    and   the  K_^   can   be    determined,    preference  should   be   given    to 
the  measured   BCF    values  rather    than   those  estimated   based  on  Kg^j. 

PAR^CTER                                                                       CRITERIA 
SCORE 92 log  KtM 

10  > 15000                                                                           >6.0 

7  >500   -    15000  >4.0  -  6.0 

4  >20  -  500  >2.0  -   4.0 

0  <   20                                                                              <   2.0 


Sug9*st»d  InforvattoD  Sourc*t* 

Lyman  et  a  I.,    1982  - 

Contains  BCF    and  K^^  data  and  ostlinatlon  methods. 

G«yor  et  al» ,   1 984  - 

Examines  relationship  bet«een  BCF   and  Kq^. 

Kenaga  and  Goring,   1980  - 

Includes  K^^  and  BCF  data   for   aquatic  environments. 

Verschueren,   1983  - 

Includes  BCf   and  K^^  data  for  organic  substances. 

Velth  et  al ..    1980  - 

Includes  BCF   and  Kg^  values. 

AQUIRE  database  - 

Contains  BCF   data  for   aquatic  organisms. 

Mackay,   1982  - 

Examines  correlations  of  BCFs. 

Garten  and  Trabalka,  1983  - 

Contains  BCF  data  for  data  for  aquatic  and  terrestrial  organisms. 

ICF  Inc.,  1985  - 

Includes  BCF  data. 

Hansch  and  Leo,  1979  - 

Describes  how  to  estimate  K-„  values. 


2.   ToKlcttY  Pw 

Parameters  "a"  through  "h"  were  selected  to  describe  the  toxlcologlcal  properties  of  chemicals. 
Information  on  acute  lethality  of  chemicals  to  all  targets  In  the  environment  Is  Included  In 
parameter  "a".   The  sub- lethal  effects  of  chemicals  on  ecological  systems  (plants  and  animals)  are 
described  In  parameters  "b"  and  "c".  Parameters  "d"  through  "i"   are  primarily  designed  to 
describe  potential  adverse  effects  on  human  health. 


When  data  are    lacking  on  the  «ff;>c.ts  of  a  chemical  on  a  specific  environmental  target  (e.g., 
humans,  fish  or  i<lldllfe)  the  best  available  Information  should  be  used.   Jnless  specific  data   are 
available  on  species  differences  In  responses  to  the  chemical.  It  is  assined  that  all  species 
respond  In  an  equivalent  manner  and  the  most  sensitive  would  be  used  In  scoring.  Olfferencoi  In 
response  among  species,  or  other  differences  between  experimental  and  "real-world"  exposure 
situations  (e.g.,  data  from  high  level  experimental  exposures  extrapolated  to  much  lower  levels) 
are  not  considered  In  this  assessment. 

There  ara   several  general  topics.  Including  route  and  duration  of  exposure  and  validity  of  testing 
procedures,  that  apply  equally  to  all  of  the  toxicity  parameters.  These  are  discussed  below  and 
will  only  be  briefly  referred  to  In  the  descriptions  of  each  pararneter. 

Ro«t*  of  Exposw* 

Route  of  exposure    Is  an    Important    factor    In    the  judgement  of    the   applicability  and  validity  of   the 
effects  observed  under   controlled  experimental    conditions   (Grioe,    1984;    Wl I les  et   al . ,    1985). 
In   terrestrial    animals,   oral.    Inhalation  and  dermal    routes  of   exposire  are  considered   the  most 
representative  of    "real-world"  exposures.      In   aquatic   species,    the  usual    route  of   exposure    Is 
through  water.      In  plants,   exposures   usually  occur    through  soils  or    from   the  atmosphere.      In   all 
test  systems,    data  derived  by  direct   application  of   chemicals   to  biological    systems    (e.g.,    direct 
Injections    Into   tissues)    that   by-pass  normal    absorption   and    uptake  systems  may    Indicate    the 
potential    for   the  production  of    adverse  effects  but   their  relevance  to  normal    exposures  should   be 
carefully  evaluated.      In   addition,    the  use  of   vehicles   (e.g.,    dimethy  I  su  I  fox  Ide)    In   dermal 
exposure  studies  can   substantially    Increase  the  uptake  of   che«Icals  through  the  skin  and,    although 
the  results  would   Indicate   a  worst-case  assessment  of   potential   effects,    their   relevance    to  usual 
dermal    exposure    Is  questionable.      In   all    of    the  toxicity  elements  the  scorer  must  exercise 
judgement    In   the   use  of  data  derived    from   unusual    exposure  routes,      if    such   data   are  the  only 
Information   available  they  may  be   used,    but,    at   the  very    least  the   scores   assigned  require 
appropriate  "flags"   (e.g.,    7  or    !      or   "e"). 

DarstloM  o.   Cxposar* 

The  duration  of  exposure    Is   Important    In  the  assessment  of  potential   effects  of  chemicals  on   the 
environment  and  health    (Hushon   and  Kornrelch,    1984).      Acute    lethality    Is   usually   assessed 
following   a   single  exposure    (e.g.,    '-050'    '-^o''    '-*'    ♦ol'ox'ng   a   short   duration  of  exposure    (e.g., 
scute   tolerance   tests  or  96-hC)ur  LC^q    tests    In   aquatic   species).      The  assessment  of    long   term 
effects  usually    Involve  multiple  exposures    for    the  major   portion  of    the    lifespan   of    the    test 
system   (FDA,    1982).      This    Is  usually  considered   a  minimum  of  one  year    In    terrestrial    animals   (FDA, 
1982),    but  may  be  as  short  as  a   few  days    In  certain   short-lived  aquatic   and  plant   test  systems. 


In   the  assessment  ot    long   term  effects  of    chemicals,    judgement    Is  required  to  determine    If    the 
duration  of   exposure  and  observation    In    the  studies  was   adequate   both   to  achieve  a    steady    state 
level    of    the  chemical    In   the  system  and   to  encompass   the    latency  Derlod    for    the  development  of 
adverse  effects.      The  biological    half-life  of    the  test  chemical    can    assist    In  judging   whether 
steady   state    levels  of   the  chemical    In   the  test   system  wore  achieved.      For  example,    a  minimum  of 
3.5   half-lives  are  generally  required   to  reach  991   of    the  steady  state   body  burden    (^DA,    1982; 
Wl I les  et  a  I..    1985). 

The    latency   period   between   the    Initiation  of  exposure  and   the  development  of    particular    adverse 
effects  depends  on   the  typo  of  effects  produced,    In  addition   to  tie  time  required  to  achieve  a 
steady   stato  body   level.     Effects  related   to  general    narcotic  actions  of  chemicals  gonorally   have 
much   shorter    latency  periods   (e.g.,    several    hours)    compared  to  cancer    whore    latency  periods  range 
from  months  to  years   (Grice  1984;    W 1 1  I  es  et   a  I  . .    1985). 

If   adequate    long  term  exposure  data  are  not  available,   scores   for   toxicity  elements  addressing 
long  term  effects  may  be  estimated   from   shorter  term  exposure  da^-a.      In  terrestrial    animals,   data 
from  exposures  of  90+   days  may  provide  reasonable  estimates  of   certain    long-term  effects,    although 
the  validity  of  oxtrapol  atlng   such  data  to  predict  chronic  effects  requires  considerable 
judgement.      Judgement    Is  even  more  critical    whon  estimates  of  potential    chronic  effects  are  made 
by  extrapolation  of  data   from  various   short-term   In  vivo  or   I n  v  1  tro  test  systems  (Grice,    1984; 
Wl I les  et   al . ,    1985).      It    is  not  possible  nor   desirable   to  overly  complicate  a   scoring   system  by 
Incorporating   all    the  uncertainties  of   extrapolating  data    from   shorter   to    longer  exposure 
scenarios.     Therefore,    as  a  general    rule,    when  effects  related  to   long  term  exposure  are  estimated 
from  short  term  exposure  data,    the  scores  derived  require  appropriate  "flags"   (e.g.,    1 ,    7  or  "e") 
Indicating  uncertainty   In  the  assigned   score. 


Validity  of  Testing  Proc*dyrM 


Tho  assignment  of   scores  to  the  various  toxicity  parameters  requires  that  the  scorer   assess  the 
validity  of   the  procedures  followed   In  the  collection  of   the  toxicologlcal    data.      It   is  beyond  the 
scope  of   this  scoring  system  to  provide  details  of   adequate  procedures   for   the  myriad  of  evei — 
changing  tests  available.     The  follwing  references  outline  current  standard  procedures   used   In  tho 
col  lection  of    toxicologlcal    data:      Grice  et  al  ♦.    (1975);       lARC   (1980);      FDA    (1982);      EPA   (1984); 
NTP   (1984);      OSTP    (1985).      The  validity  of   new  testing  procedures  can   usually    be  determined    from 
publications  by  recognized   authority  centres  around   the  world   (e.g..    Health   and  Welfare   Canada, 
U.S.   EPA.      U.S.   FDA,      WHO,      OECD,      lARC). 


(a)      ACUTE  LETHAL  in 
RatloMi* 

This  paramatsr   doscrlt>«s   the   acute    lethality  of    a  chemical    to   ♦orrostrlal    and    aquatic   animals. 
Non-lathal    or  reversible  effects  are  not    Included    In  this   element. 

Acute  effects  other    than    lethality    (e.g.,    irritation,    allergic  reactions,    3eoeral    narcosis,    etc.) 
are  considered    In  other    toxicity  elements.      Criteria    for    phytotox  Ic  I  ty   are  not    Included    In    this 
elanent  because  of    the  difficulties    In   assessing    lethality    In   plants. 

Soaring  Critarls 

Scoring  criteria    tor   acute  oral    and   dermal    LD^qS   and    Inhalation   and   aquatic  LCjqS   are   similar    to 
those  utilized  by  the  Transportation  of   Dangerous  Goods  Act   (DOT,    1984)    and   the   State  of   Michigan 
Critical    Materials  Registry   (Michigan,    1979).      Scores  of    six   down   to   zero   for   oral    and   dernal 
LDcgs  ve  comparable  to  the  extremely   toxic  to  relatively    non-toxic    scales  outlined    In  the 
literature   (Hodge  and   Sterner,    1949;      Gleason  et   al  .,    1977;      Doul  I    et  al  .,    1980).      The  criteria 
for   scores  of  8    to  10    would    Identify  chemicals  with    greater   toxicity   than  those    Included    In  the 
scales  referred   to  above.     These  more  stringent  criteria  wore  adopted  to  ensure  chemicals  with 
extreme  acute   lethality  are  clearly   Identified  by  the  scoring   system. 

The  scoring  criteria   for    Inhalation  LC^qS  are  derived    from  the  oral   LD^q   criteria,    assirtlng   a  60 
kg   Individual    respires  20   nt^  of   air   dally  and   that   the  contaminants   have  equal    biological 
availability   via  the  oral    and    Inhalation  routes  of   exposure.      The  aquatic  toxicity  LC^g   data  would 
usually  be  derived    from  96- hour  exposures. 

Scoring  criteria   for  this  parameter   are  as    follows: 


CRITERIA 

PARA>CTER 

Oral   LOy) 

Dm^»{   LD^ 

IntMlattoM  LC90 

A,ti«tlc  LC50 

SCWE 

•a/ka 

•a/Ka 

•O/iP 

moA. 

10 

^.5 

<0.5 

_0.5 

<0.\ 

8 

>0.5  -  5 

>0.5  -   5 

>1  .5  -    15 

>0.1    -    1 

6 

>5   -  50 

>5  -  50 

>I5   -    150 

>l    -    10 

4 

>50  -   500 

>50  -   500 

>150  -    1500 

>io  -  too 

2 

>500  -  5000 

>500  -  9000 

>1500   -    15000 

>I00  -  1000 

0 

>5000 

>5000 

> 15000 

>I0OO 

Sag9*st»d   Inforaatlon  Sourc*« 

ACQUIRE   database  - 

This  database  contains   acute    lethality   values    for    aquatic    and    terrestrial    species. 

Hayes,    1982  - 

Contains    Information  on   the    toxicology   of    pesticides   and   associated  chemicals  <<l*h   particular 
reference  to  effects    In    humans. 

Ketchen  and  Porter,    1979  - 

These  Critical    Material    Data  sheets   summarize    Information  on   the  toxic  potential    of 
Individual    chemicals.    Including    acute    lethality   data.    In   terrestrial    species. 

Merely    I  nbex  - 

The  l^rck    Index    lists    Indices  of    toxicity    for  many  chemicals   In    terrestrial    species. 

MEDLINE  database  - 

A  computerized  database  presenting  titles   and   abstracts  of   published,    »Qrld«Ide,    biomedical 
I Iterature. 

Clayton  i  Clayton,    1981    - 

Summarizes  the  toxic   characteristics  of    a    large  number  of    Industrial    chemicals,    primarily    In 
terrestrial    species. 


(b)     SUR-LETHAL  EFFECTS  ON  WOW-WAWWL I  AW  SPECIES 

Rational* 

This   parameter   describes  potential    effects    from    long-term  exposures  of   non-mammalian    species  to 
chemicals.     The  effects-data  may  be  expressed   as  median  effect  concentration   CEC^q),   maximum 
aquatic  toxic  concentration   (MATC)   or   no-observed-adverse-ef  fect-concentratlon   (NOAEO. 

The  most   frequently  reported  data  of  these  types  are  EC^g  ^^lues   for   fish  or  other   aquatic 
organisms  such  as  daphnla.     Associated   with   an   EC^q   value   Is  the  species   studied,   the  endpolnt(s) 
observed,   and  the  duration  of  exposure.     Common  endpolnts  are   Immobilization,    loss  of  equilibrium, 
effects  on  reproduction   and  ottier   sub- lethal   effects.     As  with  other   parameters,    1f   different 
Indicators  of  effects  are  available,    the  most   sensitive  would  be  used,   unless  scorer  Judgement 
Indicates  otherwise. 

As   with  mammalian    toxic  11  •,    duration  of    exposure    Is    Important    to  the    Interpretation  of   the 
results.      For    aquatic  i-'-'js" "  sms,    either    full    or  partial     life-cycle   tests    ara   preferred    for    the 


assossmont   of    reproductive  •»tfe'-.ts.      Such    testi  may    last    as    fe»   as    seven   days  or   extend   beyond   a 
year   depending  on    ttie    life   c^cle.     "^or    terrestrial    animals,    periods  of  exposure  usually    last 
several    monttis.      for   other    typos  of    effects,    results    from  96-hour  exposures   generally  hove  more 
credence   than    shorter   exposures.      In  addition,    preference   should   be  given    to   tests  on    freshwarter 
species   native  or    Introduced   to  North   America. 

ScorlH  Crlt*rJa 

Based  on   published  results  of    the  effects  of  many   substances  on    aquatic  organisms,    the  NOAEC 
values  that   appear    In   the   score  definitions  are  a    factor   of    100    loxer    than   EC^q   values    (Konemann 
and  Vlsser,    1983).     Maximum  Aquatic  Toxic  Concentration   (MATC)    values  are  10   times   lower   than  ECjq 
V  a  I ue« • 

The  scoring  criteria   for   this  parameter   are  as  follows: 


PARAMETBt 

SCORE 


CRITERIA  -  AQUATIC  ORGANISMS 


TERRESTRIAL  ORGAMISMS 


10 


EC5Q^.02  mg/L; 
OR   MATC  _<p. 002   mg/L; 
OR  NOAEC  _^. 0002  mg/L 
In    different   genera. 


Adverse  effects  at  _<_1    mg/kg    for    sub- 
chronic  exposure  CR_<p.5  mg/kg    for 
chronic  exposure.    In  different 
genera. 


EC5Q_<p.02   mg/L; 
OR  MATC  _<p.002    mg/L 
OR  NOAEC  _<p  .0002   mg/L 
In  one  genera  only. 


Adverse  effects  at_<J    mg/kg   for    sub- 
chronic  exposure  0R_^.5   mg/kg 
chronic  exposure.    In  one  genus 
only. 


EC50   "^0.2   -  0.02  mg/L; 

OR  MATC   <0.02   -  0.002    mg/L; 

OR  NOAEC  <0.002   -  0.0002   mg/L. 


Adverse  effects  at  >l-10  mg/kg  for 
sub-chronic  exposure  OR  >0.5-5  mg/ 
Kg    for  chronic  exposure. 


EC5Q   <2   -  0.2   mg/L; 

OR  MATC   <0.2  -   0.02    mg/L; 

OR  NOAEC   <0.02   -  0.002   mg/L. 


Adverse  or  non-adverse  effects  at 
>IO-I00  mg/kg    tor   sub-chronic 
exposure  OR  >5-50  mg/kg   for  chronic 
exposure. 


EC5Q    <20   -   2   mg/L; 

OR  MATC   <2  -   0.2  mg/L; 

OR  NOAEC   <0.2    -  0.02  mg/L. 


Adverse  or  non-adverse  effects  at 
>100-1000  mg/kg    for    sub-chronic 
exposure  OR   >50-500  mg/kg    for 
chronic  exposure 


EC^Q  _>20   mp/i  ; 
OR  MAT"  _>_  ?   "j'_; 
OR  NOAEC  ^.2   mg/L. 


Adverse  or   non-adverse  effects   at 
JJOOO  mg/kg    for   sub-Chronic  exposure 
exposure,  _^00   mg/kg    for   chronic 
exposure. 


S«g9*st<*4  InfonMtlon  Soarc»s 

AQUIRE  database  - 

AQUIRE    has  EC^q   and/or  NOAEC   data    for    aquatic  organisms   for    sone  organic   chemicals. 

Most   Information  required  for  this  element  must  be  sought   from  primary  sources   Identified  through 
literature  searches. 


(C)     S>»-LrrTWL  EFFECTS  OW  fn.AWTS 

lUtlWMU 

Sut>-lett»al  effects  oo  plants  are  highly  varied  depending  on  the  toxicant.  The  relative 
significance  of  the  Injury  or  effect  depends  on  the  coremodlty  and  Its  use.  These  can  be  divided 
Into  three  categories. 

A    The  appearance  Is  Important,  but  growth  and  yield  are  of  much  less  Importance.  This  Is 
relevant  for  ornamentals,  flower  crops,  leafy  vegetables  and  fruit. 

B    The  Impact  on  growth  and  yield  are   the  most  significant,  and  visible  Injury  to  the  foliage, 
though  unsightly.  Is  of  less  Importance.  This  Is  relevant  for  vegetables,  fruits,  seeds  and 
storage  organs  such  as  tubers. 

C    There  are  no  visible  Injurious  effects  but  thr  longevity  of  the  commodity  has  been  altered. 
This  Is  of  greatest  significance  In  flower  crops  and  storage  of  fruit  and  vegetables. 

The  tootle  effects  can  generally  be  assayed  using  short  term  tests  with  Indicator  plants*  The 
possible  effects  Include  a  wide  spectrum  of  responses:   Inhibition  of  germination.  Inhibition  of 
seedling  growth,  growth  abnormalities,  reduction  In  either  root  or  shoot  growth,  etc.  Long  term 
tests  with  annual  plants  may  be  used  to  assess  chronic  effects  such  as  decreased  yield  or 
decreased  competitiveness  (NAS,  1975). 

The  most  commonly  tested  aquatic  plants  are  algae  and  duckweed  (Lemna  minor)  (U.S.  EPA,  1973). 
Several  test  methods  have  been  developed  that  use  algae  (for  example,  the  U.S.  EPA  Algal  Assay 
Bottle  Test).  Duckweed  has  been  used  to  assess  the  effects  of  substances  on  aquatic  macrophytes, 
(EPA,  1978). 

Effects  on  the  genetic  make  up  of  the  organism  may  be  assayed  using  other  short  term  tests  with 
plant  material.   These  Include  gene  mutations,  ONA  repair,  primary  DNA  damage  and  chromosomal 
abberatlons  (Sandhu,  1980).   Some  examples  of  genetic  mutation  assays  using  plants  are  the 
measurement  of  chromosomal  aberrations  In  root  tip  cells,  the  Tradescantia  micronucleus  assay 


(Sondhu,    1980)    and    the   use  of    Arab Idopsl s    for  measuring    the    frequency   of   rautatlonal    events  at   the 
embryo   stage    (Redel,    1980). 

Scoring  Crltwla 

The    score  definitions    for    aquatic   plants   are  very   similar    to   those  used    In   parameters  which 
address  sub-lethal    effects  on   aquatic   animals. 

Various  blomonltors   have  been   used    for    different  contaminants  alth  each   species   displaying 
characteristic   symptoms    for    a  given  pollutant.        Some  of    thes«   tests  have  been   standardized   to  a 
substantial    degree  while  others  are  only  qualitative    Indicators.      Standardized   sampling  merthods 
have  also  been   devlsad    for    substances   that  accumulate    In    vegetation   and    that   are  toxic    to   animals. 
Llcl>ons  are  also  used    for    a  variety  of    contaminants,    both   as    Indicators  by   presence  or   absence,    or 
are  used  as  accumulators. 

Standardized   tests  have  been  reported    for  relatively    few   substances.      In    some  cases,    the   scoring 
system  can   accommodate  results  expressed    In  concentration   units    (mg/L    for    substance    In   water, 
ug/nr    for  gaseous  contaminants,    and  mg/kg   for   substances    In  th«  soil),    but    In  most    Instances,    the 
length  of  ex(>osure    time   Is  very    Important.      It    Is    thus   necessary  to    link   the  persistence  or    the 
number  of   releases  or   the    length   of  exposure   to  this  element    In    seme  way  through   the   use  of 
appropriate  combining  rules. 

Precautions.      Soil    extraction   procedures   are  critical     In   determining  the    level    of    a    toxicant,    o.g. 
the  total    amount   removed  by   add  extraction  may  no  be  meaningful    In   relation    to  plant 
btoavallabi  I  Ity. 
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Th«  scoring  crlt«r»«  for  thJs  el^Mwt  ar*  as  follows: 

CRITERIA 
ELEMEJIT                         AWATIC 
SCORE  EC««  PLANTS  MOAEC ECjo. 


TERRESTRIAL 
PLANTS 


NOAEC 


GENERAL 

NARRATIVE 


10 


<0.01 


<0.001 


<0.01 

<10 

<0.1 


<0.001 
<0.01 


I  rreversl  ble 
dysfunctional 
pathological 
affects 


0.01-0.1 


0.001-0.01 


0.01-0.1 
10-100 
0.1-1       c 


0.001-0.01 
1-10  , 
0.01-0.1 


Reversible 
dysfunctional 
patholog  leal 
effects 


6  >0.t-1 


>0.01-0.1 


>0.1-1      , 
>100-1000 
>1-10      ^ 


>0.01-0.1 

>10-100 

>0.1-1 


Degenerative 

reversible 

effects 

slightly 

disfunctlonal 


4  >1-10 


>0.1-1 


>1-10     , 
> 1000- 10000 
>10-100      ^ 


0.1-1      . 

>100-1000 

>l-10      , 


Reversible 
effects,   not 
dysfunctional 


2  >10-100 


>10-100      J 

>1x10*-lx10^ 

>1 00-1000      . 


>1-10      , 
>100O-1xl0* 
>10-100      , 


Reverslb  le 
effects  such 
as  enzyme 
Induction  and 
su&-cel  I  ular 
ef  fects 


>10 


_>j000     5 


>10 
.        « 

JJxlO* 
>I00      . 


No  effects 
measurab le 


=   concentration  of   substance    In   water    In  mg/L 
=   concentration  of   substance  In   air    In  mg/nr 
=   concentration  of   substance   In  soil    In  mg/kg 


Suggested   Infor«at1on  Sootcas 


Manning   and  Feder,    1980- 

Olscusses  the  use  of   plants    as  monitors  of   pol  lutlon. 


Lapp,  1981  - 

Olscussai  effects  of  heavy  metals  In  plants. 

Martin  and  Coughtrey,  1982  - 

DIscussas  effects  of  heavy  metais  on  biota  as  Indlcatators  of  pollution. 

NRCC  - 

Publications  of   the  Associate  Committee  on   Scientific  Criteria    for   Environmental    Chemistry 
Includes  data  on  effects  on  plants. 

Levitt,    1980  - 

Reviews  environmental    stress  on  plants. 

Or«iro<J,    1978  - 

Reviews  effects  of   pollution  on  horticulture. 

Information  will    have  to  bo  sought   from  primary  sources   for  many  of   the  toxicants. 


(<1)      SU&-LETHAL  EFFECTS  ON  WtfWALS 

RatloNal* 

This  paramater  describes  potential    long« — term  effects  of  chemicals   In  mammals-      The  effects   are 
directed   primarily  at  human   health,    although   the  actual    data   used   will     largely   be    from    laboratory 
animals.     Other    scoring   systems   (see  Hushon   and  Kornrelch,    1984)    generally   score  chemicals   for 
sub-lethal    toxicity   based  on   specific  effects    (e.g.,    separate   scores    for   carcinogenicity, 
mutagenicity,    teratogenicity,    etc.),    but   most   do  ->ot    address    systemic    toxic  effects.      The   toxic 
effects    Included    In   this   parameter   are  restricted   to   sub-lethal    systemic  effects,    but   do  not 
Include  carcinogenic,   mutagenic  or   teratogenic  effects  since   these   are   Included    In  other 
parameters. 

Scortftfl  Criteria 

If    data   are  not   available  on    the  effects    following   a   suitable  duration  of    exposure,    either 


appropriate  "tags"    (1,    7   or  o)    should   be  used,    or,    preferably,    the  criteria  should   be  divided  by 
an   appropriate  extrapolation    factor    to  adjust    for    potential    effects   that  Bould  not    develop  during 
shorter  exposure  studies.      Criteria  used    In   the  development   of    scores    for    tnis  parameter   *ould   be 
derived    from   sub-chronic    (generally  90-day  exp>osure)    or  chronic    (usually   1    year  or   more)    exposure 
studies    In   any  mammalian   species   (refer    to  the  general    discussion  of   exposure  duration).      If    the 
data  were  derived   from  sub-chronic   studies.    It    Is  recommended    that    the  NOAEL    be  divided   by  a 
10-fold  extrapolation    factor    (see  FOA,    1982;      Dourson   and   Stara,    1983).      If    the  only   data 
available   Involved  even   shorter    term  exposures   (e.g.,    M    days).    It    Is  recommended    that   a  100-fold 
extrapolation   factor  be  used.     Osnstderable  judgement  will    be  required   In   the  utilization  of   such 
extrapolation   factors,   considering   Issues  such   as  the  biological    ha  I  f- 1 1  fe  of   the  chemical,    the 
biological   characteristics  of   the  test  system   from  which  the  data  was  derived,   and  knowledge  of 
the   usual    consequences  of   the  type(s)    of    lesions  produced. 

The  scoring  criteria    for   this  parameter   do  not  provide   for   differences    In   the  type  of    toxic 
response  observed.     For   example.    If    the  effects   associated    with   exposure  are    Irreversible,    the 
consequences  of   exposure  are  much  more  serious   than    If   the  effects  reverse   following   cessation  of 
exposure.     For   the  purposes  of   this  assessment,    all    effects   are  considered  as  equal    but  details  of 
differences   In  the  severity  of  the  effects  would  be  carefully  noted. 

Examples  of   the  various  end-points    Included  as  chronic  systemic  effects   are   as    follows: 

Reproduction   toxicity  -      Adverse  effects  on   reproduction   as   they   affect   the   survival, 

development   and   well-being  of    the   species.    Including    Interference  with 
gonadal    functions  but  excluding   teratogenic  effects. 

(Jeneral    toxicity  -     General    depressions    In   body  weight  and  body   weight  gains,    general 

behavioural    alterations  and    Increases   In   diseases  secondary  to 
chemical    exposure. 

-  Gross  or  microscopic   alterations    Indicative  of    disease   from    toxic 
events. 

Adverse  or   deleterious  effects  on  organ    systems  or    functions, 
alterations   In   secretions  of  exocrine  and  endocrine   glands, 
alterations    In   the  brain   and   perlptieral    nervous   systems. 

-  Treatment  related  biochemical   effects. 

If   data  are   available  on  more  than  one  of    these  effects,    the  effect  occurring  at  the    lowest 
exposure   level    in   the  most   sensitive  test   system   should   be  used    in   scoring.      In   addition. 


structure- act  Ivlty   relationships  may   provide  estimates  of    the  occurrence  of    chronic   effects    If 
data  on    the  actual    compound   ar«    lacking.      Structure-activity  relationships   appear   reasonably 
predictive   for  certain   types  of   effects    (e.g.,    narcotic  effects),    however,    little  predictive  value 
Is  obtained    for   other   effects   using   available  methods.      In   the    future,    the    accuracy  of 
structure-activity  relationships    in   predicting  effects  between   different   chemicals  laay    Improve. 
Even   with   present  methodologies,    however,    an  estimation  of  potential    effects  may  prove  moro 
valuable   than   accepting   a  Judgement  of    Inadequate    Information.      Such  estimates,    however,    would  be 
appropriately  "flagged"    with  a   7   or   "e". 

The  scoring  system   for  this  parameter    Is  as   follows: 

PARAMETER  ORAL  NOAEL  INHALATION  NOAEL 

SCORE —/kg mi/w> 

10  <0.1  <0.3 


10  >5  -  50 


>100  -    1000  >300  -  3000 


Criteria  are  based  on  data    from  exposures  of   I    year  or  more   In  duration,      if   data   from 
studies  of   28   to  90-days  exposure   ar&   used,    divide  all    scoring  criteria  by   10.      If    data    from 
M-day   studies  are  used,    divide  all    scoring  criteria  by   100. 

SMg9*sted   InfonutloM  So«ro*s 

Most   of    the    information  on   the    toxic   effects   associated   with  chronic  exposure   to  chemicals  wou I  J 
be  obtained    from  original    scientific  publications  which  could   be   accessed  through   the  MEDLI^t    and 
TOXLINE   databases.      Additional    sources  of    summary  data    Include  Ketchen   and  Porter    (1979),    Clayton 
and  Clayton    (1981),      RTECS   database,    and  Verschueren    (1983).      It   should   be  emphasized  however, 
that   the  judgement  of    the  validity   o'    a  NOEL    from   summary  data    Is  difficult   and   tnat  original 
publications  should  be  consulted. 


(f)   TERATOGEWICITT 


R«t1oN«l* 


This  parameter  describes  the  potential  teratogenic  effects  of  chemicals  on  mammalian  systems. 
Toxic  effects  on  reproduction  In  plants,  non-marmal  lan  and  mammalian  systems,  as  distinct  from 
developmental  defects,  are  described  In  parameters  b,  c,  and  d.  The  production  of  terata  by 
exposure  to  chemical  contaminants  can  seriously  compromise  the  development  and  survival  of 
offspring.  Such  effects  are  usually  Irreversible,  although  current  understanding  Is  that  they 
have  an   exposure  threshold  (EPA,  1984). 

The  criteria  for  these  effects  are  as  outlined  by  the  U.S.  Environmental  Protection  Agency  (EPA, 
1984).  Teratogenic  effects  Include  frank  developmental  malformations  detrimental  to  the  survival, 
future  development,  or  well-being  of  nenborn.   They  do  not  Include  developmental  ancmal  les  and 
aberrations  that  appear  to  be  secondary  to  embryo-,  feto-  and  maternal  toxicity  (see  EPA,  1984; 
Khera,  1981).  Many  such  effects  are   known  to  recover  as  development  proceeds  (e.g.,  reversible 
delayed  ossification  of  various  parts  of  the  skeleton,  delayed  development  of  specific  organs, 
delayed  eye  opening,  delayed  vaginal  opening,  reduced  body  weight)  (Khera,  1981).   In  some  cases, 
exposure  of  pregnant  females  to  chemicals  can  result  In  malnutrition  due  to  decreased  feed  Intake. 
Malnutrition  has  been  shown  to  delay  embryo  and  fetal  development,  reduce  birth  weights  and.  In 
severe  cases,  produce  Irreversible  neurological  and  metabolic  abnormalities  (EPA,  1984;  Khera, 
1984).   These  differences  In  the  apparent  severity  between  frank  terata  and  minor  developmental 
anomalies  from  chemicals  are  reflected  In  the  scoring  criteria  for  this  element. 

Behavioural  teratology  Is  a  rapidly  developing  sub-field  of  teratology  and  Includes  effects 
related  to  alterations  In  the  behaviour  of  the  offspring  as  they  mature.  In  some  cases 
behavioural  effects  may  not  be  evident  until  maturity  (e.g.,  effects  on  sexual  behaviour).  Other 
effects  may  only  be  temporary  and  actually  dlsapp>ear  at  some  later  stage  of  develop)ment .  No 
specific  criteria  have  been  Included  In  this  parameter  for  behavioural  teratogenic  effects  and 
judgement  must  be  exercised  to  determine  how  such  effects  "fit"  Into  the  criteria  provided.   As 
the  significance  of  such  effects  Is  better  understood,  alterations  In  the  criteria  for  this 
parameter  may  be  required  to  encompass  the  Increase  In  knowledge. 

Scorlag  Crltarla 

Working  from  the  assumption  that  teratogenic  effects  exhibit  exposure  thresholds  (Khera,  1981; 
EPA,  1984),  scoring  criteria  are   based  on  gradations  In  exposure  levels  associated  with  effects. 
Since  teratogenic  effects  are   viewed  as  more  serious  than  developmental  anomalies  ns  outlined 
above,  higher  scores  are   applied  to  chemicals  showing  evidence  of  frank  teratogenicity.  Chemicals 
producing  developmental  anomalies  and  aberrations  are  assigned  lower  scores  (e.g.,  delayed 


osslflcaton  of   bono,    docroasod    fetal    weights,    decreased  birth   weights,    prolonged  gestation, 
decreased   survival    without   olvio.  ii>al  Itles,    developmental    effects   that   reverse   during   postnatal 
development) . 

Duration  of   exposure    Is  particularly  critical    In   assessing   teratogenic  effects.      To  adequately 
assess   the  potential    for    such  effects    from  a  chemical    exposure   should  occur    at    least    through   the 
period  of  organogenesis   (e.g.,    usually    from    late    In   the    first   trimester  through  early    In  the  third 
trimester  of   gestation).      In   addition,    the    levels  of  exposure   studied   should  be   sufficient   to 
elicit  a  range  of   effects    In   the  dams,    from  toxicity  at  the  higher  exposures    to  no-observable 
effects  at   the    lower  exposures    (Grlce  et   al  .    1975;    EPA,    1984;    Khera,    1981). 

The   general    requirements  regarding  route  of    exposure  discussed  earlier   also   apply    to 
teratogenicity   assessments. 

The  scoring  criteria   for   this   parameter   are  as    follows: 

PARA»C7D» 

SCORE CRITERIA 

10  -      Teratogenic  effects  observed   without   overt  maternal    toxicity  at 

maternal    exposures  _^.l    mg/kg/day   dui-lng  organogenesis,    or 
equivalent  exposure 

8  -      Teratogenic  effects  observed   without  maternal    toxicity   at  maternal 

exposures  >0.l    -    1    mg/kg/day   during  organogenesis  or  equivalent 
exposure 

6  -     Teratogenic  effects  or   developmental    ancwalles  observed  at  maternal 

exposures  >1    -   10  mg/kg/day  during  organogenesis  or  equivalent 
exposure 

4  -      Teratogenic  effects  or    developmental    anomalies  observed   at  maternal 

exposures  >10  -   50   mg/ng/day  during  organogenesis  or    equivalent 
exposure 

2  -      Teratogenic  effects  or   developmental    anomalies  obsreved    at  maternal 

exposures  >50  -    1000  mg/kg/day  during  organogenesis  or   equivalent 
exposure 

0  -      No  terata  observed   at  maternal    exposures    _>J000   mg/kg/day  or 

equivalent  exposure 

Eaulvalent  exposure  by    Inhalation  or    dermal    rojtes,    assuming  ef'ec+s   5y    dermal    exposure  would 
occur   af  comparable  doses  to  oral   exposure  and   tnat   the  total    dose   by    Inhalation    Is 
"Talvalent    to  oral    exposure   based  on    a  60   kg  adjif  respiring  20  m-*   of    air   dally.      These 
assumptiQni  mean    that    the  dermal    and   oral    exposu''-?    levels   are   equivalent,    and    Inhalation 
?»?-^su'"es    Ml  mg/m^j    ore  oi.'alned  bv  multlc'ylig   *he  oral    exp'^sj'e  by    three. 


InfonMtloN  Sources 

Most  of  the  Information  on  the  teratogenic  effects  associated  with  exposure  to  chemicals  can  be 
obtained  from  original  scientific  publications  which  can  be  accessed  through  the  MEDLINE  and 
TOXLINE  databases.  Additional  sources  of  summary  data  Include  Ketchen  and  Porter  (1979),  Clayton 
and  Clayton  (19811,  RTECS  database,  and  Verschueren  (1983).  Care  should  be  exercised  In  using  the 
RTECS  date  base  since  only  studies  showing  positive  effects  associated  with  exposure  are   reported. 
It  must  also  be  emphasized  that  the  judgement  of  the  validity  of  teratogenic  effects  (e.g.,  the 
evaluation  of  frank  developmental  anomalies  versus  developmental  aberrations)  from  summary  data  Is 
difficult  and  that  original  publications  should  be  consulted. 


GEWOTOPOCITT/WrrACEMICITT 
Rational* 

This  parameter  describes  the  mutagenic  and  genotoxlc  potential  of  a  chemical.   Such  effects  In 
themselves  are  Indicative  of  potential  hazards  of  chemicals  to  health  and  the  environment.   In 
addition,  the  strength  of  such  evidence  Is  valuable  In  the  Interpretation  of  other  potential 
hazards  from  chemicals  (e.g.,  carcinogenicity). 

Genotoxlc  or  mutagenic  effects  on  somatic  or  germ  cells  are  considered  equal  potential  hazards. 
Evidence  of  heritable  mutations  (I.e.,  mutations  In  germ  cells)  was  regarded  as  more  Indicative  of 
ttie  test  syst«n  studied  and  ability  of  a  chemical  to  distribute  to  germ  colls  (i.e.,  the 
disposition  of  the  chemical  In  vivo)  ra  her  than  of  a  greater  potential  hazard.   In  addition, 
assessment  of  the  potential  for  germ  cell  mutations  requires  specific  tests  (e.g.,  dominant  lethal 
test,  mouse  heritable  translocation  assay)  and  results  from  such  tests  ara   not  available  for  large 
numbers  of  chemicals.  Therefore,  specific  scoring  criteria  for  germ  cell  mutations  would  increase 
the  dependency  of  the  resulting  prioritization  of  chemicals  on  the  Information  available  rather 
than  Indicators  of  potential  hazard.   In  the  scoring  criteria  used,  chemicals  for  which  evidence 
of  germ  cell  mutations  are  available  would  receive  high  scores,  however,  not  preferentially  higher 
than  chemicals  with  evidence  of  somatic  mutations  only. 

Scaring  Crltarla 

The  criteria  assign  higher  scores  to  chemicals  with  adequate  evidence  of  mutagen  Ic/genotox  Ic 
effects  derived  from  short-term  tests.  The  primary  objective  Is  to  score  the  potential  of  a 
chemical    to  produce  such  effects. 

Chemicals  producing  direct  mutagen  Ic/genotcx  Ic  effects    In   the   absence  of    overt    toxicity    are 
assigned  the   highest   scot  es    (e.g.,    the   chemical    or    Its    activated  metabol  I  tet  s)    directly   acts  on 
genetic  material    to  produce  mutations  or   genotoxlc  effects).      Clastogenlc   effects  produced  Dy 


chanlcals    that    do  not   directly    Intoract   with   genetic  material    are    scored    !n    the  next   category. 
Chemicals  causing  mutagenic  or    genotoxic  effects    Indirectly  by    Interfering   with    various  cellular 
systems  would  receive    lower    scores.      Scores  of    two  or    four   should  be  assigned    to  chemicals  having 
positive  evidence    from   certain    tost    systems   but   clear    evidence  of    lack   of   effects    In   otner    test 
systems. 

It    U  assigned   that  all    test  data  will    be  derived  under  optimal   experimental   conditions  (e.g., 
using  validated   test   procedures.    Including   appropriate   S-9  metabolic   activating   systems, 
adequately  controlling    for   unusual    chemi  cal /physical    characteristics  of   the   test  chemicals). 
Acceptable  tests    Include,    but    are   not   necessarily    limited   to,    the   following: 

a)  In   V  1  tro   gene  mutation 

Salncoel  la/manwal  Ian  microsome  assay 

CHO/HGPRT  -   assay 

L5I  78Y  TK  -    assay 

Haplold  Saccharomyces   assay 

b)  In  vitro  mammalian  chromosomal    aberrations 

metaphase  analysis    In  mammalian  cells  exposed    In   vitro   (not    Including    sister   chromatid 
exchange  and  micronuclel ) 

c)  In  vivo  maniBal  Ian  chromosoaal    aberrations 

rodent  bone  marrow  micronucleus  assay 

rodent   bone  marrow  metaphase    analysis    (not    Including   sister   chromatid  exchange) 

d)  In   V Ivo  mammal  1  an   gene  mutation  or    Indicator    tests    In    a   second   somatic  tissue 

rodent    liver   unscheduled  DNA   synthesis 
ro<Jent  sister   chromatid  exchange 

Data  from  other   tests  may  be  used  with   appropriate  just Iflcatlon.      There  will    be  many  chemicals 
for   which   adequate    Information    for    this   parameter    Is    lacking  or    Incomp:ete.      The  use  of    structure- 
activity  relationships    in   developing   scores    for    this   parameter  may  be  a  viable  alternative    In  the 
future,    however,    at   present    such  concepts  are  only    In    their    formative  stages    (FDA,    1982;    NTP, 
1984;      OSTP,    1985)      Consequently,    considerable  expertise  and  judgement   are  required   to  assign 
scores  based  on   structure-activity    Information,    and   such   scores   wou ! I   'gguira   appropriate   "flags" 
to  signify  the   level   of  confidence   In  the  data  used  (e.g.,    !,    ?,    e) . 


The  scoring  criteria  for  this  parameter  aro   as  follows: 

PARMCTER 

SCORE CRITERIA 


Conclusive  evidence  of   mutagenicity  or   genotoxiclty    In  recognized  prokaryotlc 
or  eukaryotic  test    systems  at  exposure    levels  not  producing  overt    toxic 
ef  fects 

Evidence  of   clastogenlc  effects  (general   DNA  damage,    strand  breaks,    sister 
chromatid  exchange).    Intercalations  or   crosslinks  but   no  evidence  of    Increased 
Incidences  of  mutations  or   direct    Interactions  ulth  genetic  material 

Does  not    Interact  directly   with  DNA,    but    Interferes  with   cellular  mechanisms 
such   as  DNA   synthesis   and  DNA   repair.      Effects  may  be  observed   at  exposure 
levels  associated  with  overt  toxicity  unrelated   to  genetic  effects 

Mutagen/genotoxl  n    In    prokaryotlc   systems  only   (I.e.,    data   from  eukaryotic    test 
systems  are  negative). 

Mutagen/ genotox In    In    In   vitro  systems  only    (I.e.,    data    from    In  vivo   systems 
are  negative) . 

No  evidence  of   mutagenic  or   genotoxic  effects    In   a  adequate  battery  of    test 
systems. 


Sag9*st«4   InfonMtloM  Soorcvs 

Information  on    the  genotoxiclty/mutagenlcl ty  of   chemicals  would  generally  be  obtained    from 
original    publications  and  review  articles  as   Identified  through  MEDLINE  or   TOXL I NE    databases  or 
through  the  GenTox    Information   Service.      Information  may  also  be  available    from  various   summary 
data  sources   Including  Bowman    (1982),    Falrchlld   (1978),   Flshbeln    (1979),    Ketchen  and  Porter 
(1979),   Klrsch-Volders   (1983),    Sax  at  al .    (1981),    Soderman   (1983),   Sontag   (1981),   and   Stich   and 
San    (1984).      It    Is  difficult  to  Judge  the  validity  of    genotoxicl  ty/mutagenlcl  ty  tests   from    summary 
data,   however,    and  original    publications  should  be  consulted  whore  possible. 


(g)     (>RCIN06gNICITT 
Rational* 

This  parameter  describes  the  potential   of  chemicals   to  cause  cancer.     Detailed  assessment  of    the 


dose-response  relationships,    t«oes   of   cancers  produced,    the  validity   of    extrapolating 
carcinogenicity   data   among   species  and   the  processes  of   risk    Identification,    assessment    and 
management  are  beyond   the   sophistication  of    this  assessment. 

There    Is  general    agreement    that  radiation,    biological,    physical    and  chemical    agents   can   cause 
cancer.      In   addition,    the  biochemical    and  molecular   process  of    cancer   development,    as    It    Is 
understood.    Is    similar    among  mammalian   species    (.HVP ,    1984;    OSTP,    1985).      It    Is  evident   that  the 
development  of    cancer    Is   a  multi-stage  process    Involving    Interactions  of    agents   with   genetic 
material    (the  gen  one ) .      The   Induction  of    tumorlgenlc  phenotypes  through    Interactions   xlth  the 
genome  may  occur   directly  through   the    Induction  of    somatic  mutations  or    Indirectly   by  alterations 
In   gene  expression.      A  number   of    factors   affect   the  occurrence  of    these  events.    Including  age, 
sex,    genetic  differences,    strain    and    species  differences,    diet,    dose  rate,   route  of   exposure. 
Interactions   alth  other   agents  and    a  variety   of   environmental    conditions   (NTP,    1984;    OSTP,    1985). 
Furthermore,    the   production  of    these  effects  by   a   chemical    may   be  by   direct   action   of    the  chemical 
or    Its  metabolites    (e.g.,    direct    acting,    genotoxic  carcinogens)    or    Indirect   through   actions  of    the 
chemical    on   systems   that   secondarily  produce  tumorlgenlc   phenotypes    (e.g.,    non-genotox  1c  or 
eplgenetlc  mechanism).      Although   the   detailed  mechanlsm(s)    of   cancer   production   are  not   fully 
understood.    It    Is  evident    that  once   the  required  modification    In    the  genome  occurs    (known   as 
Initiation),    the  process    Is    Irreversible  and   self-propagating.      A   wide  range  of    factors   affect   the 
Initiation   process,    hoxever ,    and  many  of    these  are   believed  to  be  reversible    (  IRLG,    1979;    NTP, 
1984;    OSTP,    1985). 

Although  the  exact  mechanisms  of   the  various  stages  of  carcinogenesis  are  not  fully   understood.    It 
Is   apparent   that   the  events   leading   to  the   Initiation  of   cells  are  dose-related   (I.e.,   the 
frequency  of  occurrence  of    Initiation    Increases   with  exposure).      Once   Initiation    has  occurred, 
however,    the    subsequent   development  of    tumours    Is    Independent   of    the  exposure    level    i  IRLG,    1979). 
This    Information    Is    Important    to  the   scoring  of    the  carcinogenic  potential    of    a  chemical. 

Based  on   this  brief    summary  of    what    Is  known   about   the  process  of   carcinogenesis   (refer    to    IRLG, 
1979,    NTP,    1934    and  OSTP,    1985,    for   more  detailed   discussions),    the   scoring  criteria    for    this 
element  differentiate  between   direct   acting   and    Indirect   acting   carcinogens.      It    Is    Important  that 
the  scoring   system  not  merely  reflect   the  completeness  of    fhe   data   base    (e.g.,    only   a    few 
chemicals  have   been    adequately   studied    from  an   epidemiological    point  of    view    In   human   populations 
to  assess   their    carcinogenicity).      For   many  chemicals,    epidemiological    studies  to  assess   their 
carcinogenic  potential    will    never  be  conducted  and  complete  reliance  will    have   to  be  placed  on 
animal    bloassay  data   for    their   evaluation.      If    the   data    from  animal    bloassays   ars  viewed 
sufficiently    strong,    "epi  dem  lolog  leal  I  y    proven"    and  "potential    human"   carcinogens    (l.e,    positive 
In   animal    bloassays)    ere  given   equal    weight    in    the   scoring    system. 


-    27   - 
Scoring  Crltvrla 

The    following   definitions   of    carcinogenicity    are   used    In    scoring   this   parameter    ;yomatIs,    1979): 

Evidence  of   carcinogenicity    Is  positive  when   an    Increase    In  malignant  ti^nours    Is   caused    In 
more  than  one  species  or   strain.    In  multiple  experiments  with   varying  routes  or    levels  of 
exposure  or   to  an  unusual    degree  with  respect   to  type,    site.    Incidence  or    latency  period. 

Evidence  of  carcinogenicity    Is  negative  when   no  tumour    Induction    Is  observed    In  at    least  two 
adequate  and  appropriate  animal    studies   In  different   species  or    In  both  animal    and 
epidemiology   studies. 

Evidence  of   carcinogenicity    Is   Inconclusive  when  neither  of   the  above  two  conditions  apply, 
usually  because  the  observations  ere  Inadequate,   of   unacceptable  quality  or  excessively 
limited.     Contradictory  results    from  different   test   systems  may   also   lead   to  an    Inconclusive 
assessment.     Such  conditions  are  recorded  as  either   positive  or   negative   for   carcinogenicity 
and  tagged  with  either   a  ?  or    1    depending  on  the   Interpretation  of  the   information  by  the 
scxjrer . 

There    Is  a  great  deal    of   controversy  regarding   the  potency  ranking  of   carcinogens,    particularly 
when   attempting  to  denote   the   potency  of    a  chemical    to  cause  cancer    In   man    from  data   derived    from 
animal    cancer  bloasssys.     Animal    bloassays  utilize  high  exposure   levels   (known   as  the  Maximum 
Tolerated  Dose  or  MTD  protocol,   see  hfTP,    1984;    OSTP,    1985).     Judgements  of   care  1  nogefi  1  c   potency 
based  on    Information  derived   from  such  high    levels  of   exposure  may  have   little  relationship   to 
potencies  at    lower    levels  of  exposure  comparable  to  those   found    In   the  environment.      Consequently, 
the  basis    for   potency  ranking    Is  not  considered   adequately   developed   for   use    In    a   scoring   system. 
However,    If    procedures   for    such  ranking   were    found  reliable,    they  would   form  a  reasonable   basis 
for  the   scoring  of   the  carcinogenic  potential    of   chemicals. 

Important   Information  to  assist   In   the   Interpretation  of   animal    cancer  bloassay  data  vls-a-vIs  the 
potential   of  a  chemical    to  cause  cancer    In  humans  can   be  derived   from  assessments  of    Its 
mutagen  1  city/ genotoxl c1 ty . 


Tho    scoring   schema    for    this   parameter    Is   as    follows: 


SCORE    CTITCTIA 


10  Direct   acting   human   carcinogen  or   potential    human  carcinogen    (based  on  animal 

bloassay   data)    with  evidence  of    direct    Interactions    with   genetic   material. 
Acts   as  an   electrophlle  or   direct    alkylating  agent,    produces  DNA   adducts, 
Induces  eel  I    transformation,   etc. 

8  Indirect   acting  human  carcinogen  or  potential    human   carcinogen  (based  on 

animal    bloassay  data)    with  evidence   that    It   does   not    Interact  with   genetic 
mater  I al 

6  Carcinogenic    in   animal    bloassay   tests  at    levels  of  exposure  shown    to  saturate 

enzymes    Involved    In   the  metabolism  of   the   coapound  or    at  exposure    levels   shown 
to  cause  hlstopathologlcal    lesions  known    to  predispose  animals   to  the 
development  of  cancers  at    sites   whore  the    lesions  aro  observed   (e.g.,    ATPAs* 
deficient    liver    foci    In  rodents).      Adequate  evidence  must  be  available 
demonstrating  that   no    Interactions  occur   with   genetic  materia!    and   that    the 
chemical    does  not    Induce  cell    transformation. 

4  Positive  tumorlgenic  agent    (benign    tumours)    In    hipians  or   animals.      Evidence 

must    be   available  of    lack   of    Interactions   with  genetic  material.      Includes 
chemicals  that   act   solely   as  pronotwrs  and  those  that  cause  c«l  I 
transfOi  matlon    In   vitro  without  evidence    In   other    systems 

2  Tumorlgenic    In  only  one  animal    species  and  negative    in  other(s)    (all    studies 

considered  adaquate) 

0  Not    tumorlgenic    In   an   adaquate  animal    bloassay    In  at    least  t»o  species  and 

must  not    Interact  with   genetic  material 


lnfar««tIo«  So«rc»s 

Information  on    the  carcinogenicity  of   chemicals  would  generally  be  obtained    from  original 
publications  and  review   articles   as    Identified  through    I  ARC  Monographs  or  MEDLINE,    TOXL I NE 
databases  or   National    Toxicology  Program  (NTP)    publications.      Information  may   aiso  be   available 
from  various   summary   data   sources    Including  Bowman    (1982),    Falrchlld   (1978),    Fishbein    (1979), 
Ketchen    and  Porter    (1979),   KIrsch-Volders    (1983),    Sax  et  al    (1981  )  .    Soderman    (1963),    Sontag 
(198t\    and   Stlch    and   San    (1904) .      However,    It    Is  difficult    tojudge  the  validity  of 
carcinogenicity   data    f-cfu    z^r.imar  y  data   and  original    publications    should  be   consjlied. 
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